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Preface 

This book offers a geographic dimension to the study of 

innovation and product commercialization. Building on the literature in 

economics and geography, this book demonstrates that product innovation 

clusters spatially in regions which provide concentrations of the 

knowledge needed for the commercialization process. The book develops 

a conceptual model which links the location of new product innovations 

to the sources of these knowledge inputs. The geographic concentration 

of this knowledge fonns a technological infrastructure which promotes 

infonnation transfers, and lowers the risks and the costs of engaging in 

innovative activity. Empirical estimation confinns that the location of 

product innovation is related to the underlying technological 

infrastructure, and that the location of the knowledge inputs are mutually

reinforcing in defining a region's competitive advantage. The book 

concludes by considering the policy implications of these fmdings for 

both private finns and state governments. 

This work is intended for academics, policy practitioners and 

students in the fields of innovation and technological change, geography 

and regional science, and economic development. This work is part of 

a larger research effort to understand why the location of innovative 

activity varies spatially, specifically the externalities and increasing 

returns which accrue to location. 
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Introduction 

While there is general agreement that the rate of technical change 

is· important in detennining an economy's rate of growth, we have a 

limited understanding of the sources of technical progress and of why the 

pace of progress varies over time and space (Lucas 1993). The new 

growth theories find that the divergence in growth rates may be a result 

of increasing returns to knowledge (Romer 1986). Geographic 

concentrations of knowledge facilitate infonnation searches, increase 

search intensity and, in general, ease task coordination. The presence of 

external economies accruing to knowledge creates spatial differences in 

the distribution of economic activity (Lucas 1988; Grossman and 

~elpman 1992). 

Innovation, perhaps more than any other economic activity, 

depends on knowledge. New products are the result of a 

commercialization process which begins with invention, proceeds with 

product development, and results in market introduction. Commercially

viable product innovations combine scientific and technical knowledge 

with knowledge of the market. A new product introduction reflects the 

successful organization and synthesis of these diverse types of knowledge. 

For students of economic development from Adam Smith to Karl 

Marx and Joseph Schumpeter, innovation is seen as the product of 

entrepreneurs who harness the resources required for innovation, profit 

and growth. Analysis of innovation has typically been confined to the 

organizational boundaries of the individual firm, however the notion that 

1 



2 The Geography of Innovation 

the capacity to innovate incorporates external sources of knowledge has 

gained acceptance. Innovation is perhaps best characterized as an 

intrinsically uncertain problem-solving process which blends private 

knowledge with public knowledge (Dosi 1988a). Private knowledge 

comes primarily from within firms but is also found in industry 

associations, scientific and professional societies, and networks of related 

firms and support services (Nelson 1988). Public knowledge is obtained 

from institutions that support R&D in scientific and technical fields. 

These are primarily universities but may also include various government 

science and technology transfer programs. In this view, innovation 

embodies a broader landscape of social and economic institutions, and 

relationships than previously conceived. 

Geography, in the most fundamental sense, provides organization 

for the diverse types of knowledge needed for new product 

commercialization. We expect that knowledge transverses corridors and 

streets more easily than continents and oceans (Glaeser, Kallal, 

Scheinkman and Shleifer 1992). The sources of knowledge are embodied 

in human and institutional form and are less geographically mobile than 

fmancial capital (Sweeney 1987). The sources of knowledge, the public 

and private institutions in a region, form a technological infrastructure. 

This technological infrastructure promotes knowledge transfer, facilitates 

problem-solving, and reduces the risks and the cost of innovation. Once 

in place, the technological infrastructure creates a capacity for innovation. 

Due to the cumulative and self-reinforcing nature of knowledge, this 

capacity or core competence become specialized to particular technologies 

and industrial sectors (Lundvall 1988; Thomas 1985). As a result of 

these place-specific concentrations of knowledge, technological advance 

and industrial competitiveness is enhanced. l It is in this way that 

geography plays an essential role in innovation, and in the growth of 

advanced, capitalist societies. 
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Innovation in Economic and Geographic Theory 

Since Alfred Marshall, the importance of agglomeration, a form 

of external economy accruing to geographic concentrations of resources, 

has been noted in the location and organization of industrial activity. 

Marshall (1949, 152-153) provides an eloquent description of the benefits 

of location. 

When an industry has chosen a locality 
for itself, it is likely to stay there long; 
so great are the advantages which people 
following the same skilled trade get from 
near neighborhood to one another. The 
mysteries of the trade become no 
mysteries; but are as it were in the air, 
and children learn many of them 
unconsciously. Good work is 
appreciated, inventions and 
improvements in machinery, in processes 
and the general organization of the 
business have their merits promptly 
discussed; if one man starts a new idea, 
it is taken up by other and combined 
with suggestions of their own; and thus 
it becomes the source of further new 
ideas. And presently subsidiary trades 
grow up in the neighborhood, supplying 
it with implements and materials, 
organizing its traffic, and in many ways 
conducing to the economy of its 
material. 

Recent work has built on Marshall's theories by integrating a spatial 

dimension to economic theory. Krugman (1991a, 1991b) makes a strong 

case for the regional or spatial specialization of industrial activity based 

on the advantages of specialized labor pools and related industries, and 

the presence of knowledge externalities? Arthur (1988, 1990) finds that 

activity will cluster spatially given the cumulation of historical events or 

"path-dependence," and locational "lock-in." 



4 The Geography of Innovation 

The economics literature focuses on the incentives which 

encourage individual firms to engage in innovative activity. Recently, the 

idea that innovative output is detennined by a set of knowledge inputs 

has gained acceptance (Nelson and Winter 1982; Freeman 1989; Griliches 

1979; Science Policy Research Unit 1972). Dosi (1988b), Lundvall 

(1988) and Thomas (1985) note that innovation may have a strong 

geographic dimension due to the specific and cumulative nature of 

knowledge-based innovative inputs. Jaffe (1989) demonstrates that spill

overs from industrial R&D and university research are geographically 

mediated, and influence the location of innovative output such as 

patenting. 

Geographers have long been concerned with issues related to the 

location of innovative activity. Much of the prior work on the location 

of innovation has implicitly taken the perspective of a company scanning 

the landscape to find the optimal site. This type of fonnulation does not 

recognize the capacity of a region to facilitate or enhance industrial 

activity. Economic geographers have studied the location of innovative 

activity (Malecki 1981 1991; Sweeney 1987), the location of high

technology industry (Glasmeier 1988; Hall and Markusen 1985), and the 

dynamics of regional innovative complexes (Stohr 1986). More recently, 

others have emphasized the importance of agglomeration economies based 

upon concentrations of resources and networks (DeBresson and Amesse 

1991). There are many case studies of regional innovation complexes, 

such as Route 128 (Dorfman 1983), Silicon Valley (Saxenian 1985), or 

Orange County (Scott 1988). These case studies suggest that innovation 

is a complex geographic process with multiple spatial determinants. 

The Innovation Data 

A fundamental obstacle to more systematic analysis of the effect 

of location on innovative activity is the lack of a good measure of 
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innovative output. Griliches (1990: 1669) asserts that "The dream of 

getting hold of an output indicator of inventive activity is one of the 

strong motivating forces for economic research in this area." In the 

absence of direct measures of innovation, alternatives have been used in 

the literature. These include the amount of inputs used in the innovative 

process, for example, R&D expenditures (Malecki 1986), or output 

measures such as the quantity of patented inventions (Jaffe 1989). R&D 

expenditures indicate resources which are budgeted towards trying to 

produce innovative output, but do not indicate the success of these 

efforts. The reliability of patent data is questioned because not all 

patented inventions prove to be commercially-viable innovations, and 

many successful innovations are never patented (Mansfield 1984). 

This study introduces a direct measure of innovation output which 

is used to explore the location of innovative activity. In 1982, the Small 

Business Administration (SBA) conducted a census of innovation 

citations from over 100 scientific and trade journals. The SBA data 

capture commercial innovation which, by nature of the citation, add 

economically useful knowledge to a product category. In contrast to 

patent data, which mark the certification of a new invention, innovation 

citations announce the market introduction of a' commercially-viable 

product.3 Acs and Audretsch (1988, 1990) use this data to analyze 

industrial dynamics. 

There are some limitations to these data, and potential sources of 

bias to consider. The data are only available as a cross-section for the 

year 1982. This limits us from investigating any technological and 

industrial restructuring which may have occurred since that time. The 

year 1982, however, is a particularly useful year to explore geographic 

phenomenon related to innovation. The early 1980s are recognized as a 

period of considerable innovation, with the emergence of new high

technology industries such as personal computers, electronic design 

automation, software, measuring and controlling, and communication 
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devices. This innovation is accomplished by small high-technology start

up companies as well as larger, established finns, such as IBM and 

DuPont In this regard, 1982 provides a particularly useful vantage point 

from which to examine the geography of innovation. 

Another concern is that innovation citations may be biased 

towards items which the journal editors consider to be of special interest. 

The editors may have a bias towards unusual products or specific types 

of products. Also, some product innovations may not be reported 

because they are simply not of interest to the journal editors. We should 

further consider that product announcements reflect a variety of 

organizations with different capabilities and varying motives. This may 

introduce bias with regard to finn size.4 For example, large finns with 

dedicated public relations departments may have greater rapport with 

journal editors. This may result in an over-representation of innovative 

activity from large firms. This potential source of bias may be offset by 

the fact that small finns view new product announcements as inexpensive 

advertising and, as a result, small firms aggressively pursue new product 

citations. 

Innovations are attributed to the state in which the establishment 

responsible for the development of the innovation is located. It is 

anticipated that some innovations are developed by subsidiaries or 

divisions of companies with headquarters in other states. Since 

headquarters may announce new product innovations, the SBA data 

discriminate between the location of the innovating establishment and the 

location of the innovating entity (Edwards and Gordon 1984). The site 

responsible for the major development of the innovation is known as the 

establishment The parent company or headquarters is known. as the 

entity. For example, Intel Corporation introduced a 16-Bit Micro

Controller (Model Number 8096). The major development was done by 

a division of Intel in Arizona while Intel's headquarters are in California. 

In this case, the state of the establishment is Arizona and the state of the 
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entity is California: the innovation would be attributed to the state of 

Arizona. For our purposes, the state identifier of the establishment is 

used to investigate the spatial patterns of innovation. 

States are not an entirely satisfactory unit of observation for the 

investigation of spatial phenomenon. In stark contrast to the micro

economics literature in which the unit of analysis is generally accepted 

to be the finn, there is no such consensus in the geography literature.s 

The analysis of spatial processes is handicapped by the lack of data on 

what might be considered an ideal unit of observation. Theoretically, 

spatial processes occur within the boundaries of geographic areas 

characterized by functional linkages and dependencies (Czmanski and 

Ablas 1979). However, geographic data are defmed and collected within 

the boundaries of political jurisdictions. Ideally, we would like data at 

the city or county level, unfortunately, no finer geographic detail exists. 

States are the unit of analysis for which data are available. 

Therefore, this analysis attempts to be sensitive to the fact that states are 

not the ideal unit of observation.6 It is our belief, however, that 

meaningful inference about the geography of innovation can be made at 

the state level. In addition, states are an important policy-making unit 

concerned with fostering innovative activity within their borders. 

Research Design and Empirical Approach 

This study models the effect of concentrations of knowledge on 

the location of new product innovation using a knowledge-based 

innovation production function. Adam Jaffe (1989) demonstrates that 

university and industrial R&D have a statistically significant effect on the 

number of patents that originate in a state. However, Jaffe does not 

consider several key inputs suggested by studies of the innovation process 

(Kline and Rosenberg 1987). Two additional innovative inputs which are 

considered in this book are the practical knowledge of a technology 
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which is embodied in related industries and the presence of specialized 

business services which facilitate the process of introducing a new 

innovation to the market. The process of solving production problems, 

meeting customer requirements and overcoming various sorts of 

'bottlenecks' has become an important factor in the innovation process 

(Von Hippel 1988). Business selVices provide knowledge about 

consumer demand and help position the product. The intensity of use of 

external producer services correlates highly with realized product 

innovations (MacPherson 1991). These findings suggest that related 

industry presence and business services may be two additional innovative 

inputs relevant to the location of innovative output. Our model considers 

the importance of geographically-mediated effects of innovative inputs on 

innovative output. 

The empirical work also investigates the location of innovative 

inputs. According to an emerging perspective, innovation relies on 

regional innovative capacity which is the result of a cumulative process. 

This process is based on increasing returns to geographic concentrations 

of resources, and the external economies of scope generated by co

location of complementary resources. 

Summary of Findings 

The findings of this study are as follows: First, product 

innovations exhibit a pronounced tendency to cluster geographically. 

This confinns a long-held but previously unconfinned suspicion in the 

literature (Hall 1985). Second, the geographic-clustering of product 

innovations at the state level is related to the level of university R&D and 

industry R&D expenditures in the state. This finding is consistent with 

Jaffe (1989). Third, this study further suggests that the clustering of 

product innovation at the state level is related to other innovative inputs, 

that include the presence of related industry and the presence of 
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specialized business services. This finding is consistent with the view of 

innovation as a process facilitated by diverse types of expertise and 

knowledge (Kline and Rosenberg 1987). The presence of these 

complementary activities promotes infonnation spill-overs which lower 

the cost of developing new innovations for finns located within these 

areas. This suggests that finns located in states that contain 

concentrations of these sources of knowledge which enhance the 

innovation process, will realize a greater number of innovations. Fourth, 

the empirical results demonstrate relationships between the R&D inputs. 

Industry R&D expenditures in a state are positively related to university 

R&D in that state. Moreover, the expenditures for university research 

increase in departments which are linked to related industry's 

manufacturing and R&D activity in the state. In this way, industrial 

R&D expenditures and university research expenditures are mutually

reinforcing and define an area's expertise. This finding is consistent with 

geographic self-reinforcing expertise suggested by W. Brian Arthur 

(1990). 

Chapter Outline 

This section provides a brief synopsis of the remaining Chapters. 

Chapter Two develops a conceptual model that considers why location 

matters to innovative activity. Perspectives are drawn from a variety of 

academic literatures. 

Chapter Three presents the locational patterns of innovation at the 

state level using the SBA Innovation Citation data. These innovations 

exhibit a strong tendency to cluster geographically, and this tendency is 

more pronounced when individual industries are considered. Based on 

the innovation location quotients, certain states appear to have developed 

a comparative advantage for innovations in specific industries. 
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Chapter Four develops a model of innovation based on an 

innovation production function. Innovative activity in a state is found to 

be statistically significantly related to the presence of R&D inputs from 

both university and industry and the presence of related industries and 

specialized business selVices. 

Chapter Five focuses on regional innovative capacity. The 

location of innovative inputs are not exogenous to the model of the 

geography of innovation. Behavioral relationships that govern the 

location of the innovation inputs are specified. Estimation of a system 

of equation demonstrates relationships between the R&D inputs. Industry 

R&D expenditures in a state are positively related to university R&D in 

that state. Moreover, the expenditures for university research increase in 

departments which are linked to related industry's manufacturing, and 

R&D activity in the state. 

Chapter Six concludes by considering the policy implications of 

the fmdings for business decision-making and for state economic 

development policy. 
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Chapter Notes 

1. Michael Porter (1989) notes the importance of geographic clustering 
to furthering international competitive advantage. The ability to produce 
new product innovation in a timely manner is key to the success of these 
areas. 

2. See David and Rosenbloom (1990). 

3. Infonnation as to the economic significance or the revenue generated 
by each innovation is not available. We know that 80% of the 
innovations were considered by the editors and product developers as an 
incremental improvement to an existing product category (Edwards and 
Gordon 1984). An example of the demands of this type of detennination 
is provided by Trajtenberg (1990) in an extensive study of cr scanners. 
The SBA data collection effort sUlVeyed editors and company officials to 
discern the economic significance of each innovation. 

4. Although the data was collected by the U.S. Small Business 
Administration, the purpose was to provide a census of new product 
innovations introduced to the market in 1982. The reader should not 
assume that the data are small finn innovations because of the source. 

5. Agglomerations have been measured in the literature using a variety 
of geographic units ranging from the multi-state Manufacturing Belt 
(Norton and Rees 1979) to the Metropolitan Statistical Area (Oakey 
1984). 

6. The empirical estimation includes control variables to mitigate the 
aggregation bias caused by using state rather than a smaller and more 
unifonn geographic unit. 
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Why Location Matters for Innovative 
Activity 

For the past twenty years a prominent view seemed to indicate 

that geographic location had become less important to economic activity 

(Barnet and Muller 1974; Vernon 1977). It is well known that as 

production processes standardize manufacturing industries, even high-tech 

manufacturing industries, become "footloose" -- seeking out the lowest 

cost locations (Hymer 1979; Bluestone and Harrison 1982). In contrast, 

the non-routine production activities associated with innovation such as 

research and development, experimental and prototype manufacturing, and 

small volume production are increasingly spatially concentrated (Malecki 

1980). 

Innovative activity tends to cluster spatially in what is known as 

the "Silicon Valley" phenomenon. Silicon Valley has become a 

prominent example of this type of geographic clustering due to the rapid 

growth of semi-conductors and personal computers, however there is 

evidence that geographic clustering has been important to technological 

advance throughout history.l This chapter considers why location 

matters to innovative activity. We focus on how characteristics of the 

innovation commercialization process interact with place specific assets 

and expertise to enhance innovation and lead to geographic clustering. 

In order to integrate innovation, an industrial process, with 

geographic location we draw perspectives from several literatures. The 

industrial organization literature is concerned with the innovation process 

and identifies important inputs, specifically knowledge inputs. The 

13 



14 The Geography of Innovation 

geography literature focuses on location and the ways in which 

agglomerations of resources create spill-overs which lower the cost of 

innovative output. Together, these literatures suggest that higher levels 

of innovative output will be associated with locations which contain 

concentrations of knowledge critical to the commercialization process. 

Models of the Innovation Process 

An examination of the commercialization process provides 

insights towards understanding the relationship between geography and 

innovation. For many years, conventional wisdom viewed innovation as 

a straightforward path from the laboratory directly to the marketplace. 

This type of abstraction is a limited case and only describes the 

innovation process under certain, restricted circumstances. The main 

strength of the linear model is its description of the stages of the process. 

This first stage is basic research which results in scientific discovery. 

Next, applied research develops and refmes the discovery into a product. 

The fmal stage is market introduction which results in the manufacturing 

and marketing of the product 

Sclentrflc 

DIscovery 
Product 

[)eva I opmant 
M!srlcet 

~ 

I ntroduct Ion 

Figure 2-1: The Linear Model of Innovation 

In the linear model, scientific discovery is the only source of 

ideas for new products. This, however, contradicts evidence that there 

are other types of knowledge and expertise that provide ideas for new 

product innovation. For example, the practical experience which is 

gained from using a product is an important source of new innovations 
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(Von Hippel 1988). There are certain aspects of a technology which are 

tacit and are best understood by working with, and using, that technology. 

The knowledge gained through a variety of activities outside of the R&D 

lab create an understanding of the potential of a technology which may 

provide the ideas for new products. Product users, or customers, have a 

unique familiarity with a technology and may suggest new products based 

on the ways in which existing products fail to meet their needs. Some 

customers may provide specifications which provide ideas for large scale 

commercial introduction. Other sources of technical infotmation which 

may precipitate new product innovations may be found from other related 

fitms such as suppliers, distributors and competitors. 

Rather than being a final perfunctory end stage, marketing or 

more broadly, producer services, may provide a catalyst for new product 

development. Managers' intuitive sense of market trends may provide a 

spark for new product development. Fonnal activities, such as marketing 

research, provide infotmation on customer needs which may suggest 

product modifications and improvements, and may help to position the 

product for increased commercial success. Test marketing an innovation 

can reveal the potential success of a product or can suggest modifications 

that send a prototype product back to the drawing board. Other 

specialized producer services provide managerial, accounting, legal, and 

fmancial expertise which can reduce the risks and opportunity costs 

associated with product commercialization. Clearly, these activities 

provide more critical inputs to the innovation process than the linear 

model allows. 

This simple model does not allow for any flows of infotmation 

between the stages of the process. Practical examples support the 

existence of this type of feedback and suggests that synthesis of different 

types of knowledge characterizes successful innovation. As an example, 

the Matsushita Bread Machine was developed in co-operation with a chef 

at the near-by Osaka International Hotel (Nonaka 1991: 98-99). The 
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company R&D department had trouble designing the machine so that it 

would knead the bread dough evenly and consistently. One of the 

product developers apprenticed with a chef who had the reputation for 

making the best bread in the city of Osaka. Through this process, she 

learned a distinctive way of stretching and twisting the dough. This 

technique was taken back to the R&D lab and incoIpOrated in the new 

product design. The result set sales records for a new kitchen appliance. 

An often-heard complaint about American product design is that 

R&D engineers "throw their blueprints over the wall;" thereby, 

separating themselves from the rest of an organization. Dissatisfaction 

with this type of approach has increased reliance on alternative product 

development strategies such as new product development teams. In these 

arrangements, individuals with different expertise are brought together 

and the melding of their expertise produces improvement in product 

design with significant time savings. In this type of arrangement, various 

expertise and knowledge are easily combined via face .. to-face contact. 

In general, the linear model oversimplifies the organizational 

challenges that are inherent in the innovation process. In order to 

successfully commercialize innovation, finns must assemble a wide 

variety of expertise and knowledge. These knowledge resources are 

complementary and create synergies which further innovative efforts 

(Teece 1980). While the linear model stresses the importance of R&D 

capacity as the link between scientific discovery and commercial 

introduction, a more realistic view distributes weight among the different 

types of knowledge. Each of the various types of expertise are critical to 

completing the commercialization process; the process may not successful 

if components are missing. 

Kline and Rosenberg (1987) suggest a model which addresses the 

limitations of the linear model. Their conceptualization adds 

interdependencies and dynamic learning across the various stages of the 
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innovation process. According to their view, innovation may be initiated 

at any stage, and tends to be circular rather than sequential . 

DIscovery • Development • CommercIalization 
~ ~ t I , 

... 
" .... 

Figure 2-2: Linkage and Feedback Model of Innovation (Kline 
and Rosenberg, 1987) 

Figure 2-2 suggests that the stages need to be linked together and their 

various expertise melded to secure the success of the innovation. This is 

the rationale behind the increased use of product development teams. 

Between finns, we also see examples of cooperative alliances which pool 

their resources in order to increase innovative potential. While we 

observe many types of fonnal strategic arrangements, the same process 

may occur on a more informal level involving networks of individuals 

and finns. 

Innovative firms must seek out and organize the diverse types of 

knowledge which facilitate the innovation process. Following a well

known result, finns may be expected to internalize knowledge sources up 

to the point at which external transactions become advantageous (Coase 

1938). External transaction may be preferred if knowledge sources are 

too costly, too specialized or somehow othelWise constrained from 

becoming a part of the finn. 

To complete the innovation process, firms rely on different 

sources of knowledge to provide inputs for the stages of the innovation 

process. Figure 2-3 considers a primary sources of knowledge for each 

stage of the innovation process model from Figure 2-2. Together these 

resources constitute a technological infrastructure to support innovative 

activity. 
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University 
Ra&oerch 

The Geography of Innovation 

Figure 2-3: Technological Infrastructure of Innovation 

The discovery stage relies on scientific knowledge from university 

research and industrial R&D. Further development and refinement of the 

innovation is provided by industrial R&D and also by expertise familiar 

with the technology and gained from manufacturing experience or product 

use in related industries. Marketing and commercial knowledge is 

provided by producer services which supply knowledge of the market. 

University research is an important source of the basic knowledge 

which may be important to the innovation process. University R&D 

enhances the stock of basic knowledge, generates increased technological 

opportunities across a wide range of industrial fields, and increases the 

potential productivity of private industrial R&D (Nelson 1986). 

Mansfield (1991) finds that university R&D generates a social rate of 

return in excess of 25 percent. Overall, the literature suggests that 

university R&D tends to have a positive effect on commercial innovation. 

Jaffe (1989) and Acs, Audretsch and Feldman (1992) identify strong co

location of university and industrial R&D at the state level, and that such 

co-location of activity has a positive impact on the generation of patents 

and innovations. 

Industrial R&D laboratories provide sources of scientific and 

technical knowledge required for new product development. Industrial 

R&D laboratories specialize in market-oriented R&D, specifically, the 

translation of scientific and technical information into new products. The 

regional concentration of industrial R&D and its importance to both the 

innovation process overall and the formation of regional innovation 
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complexes are highlighted in the geography literature (Stohr 1986; Tassey 

1991). Malecki (1983) provides extensive evidence of the geographic 

concentration of R&D by region, state and metropolitan area, with 

marked concentrations on the East and West coasts. Malecki further 

(1981) notes regional specialization of R&D, with electronics R&D 

concentrated in the Boston and San Francisco Bay areas and automotive 

R&D concentrated around Detroit and Cleveland. Clearly, the consensus 

is that industrial R&D has a strong positive effect on the location of 

innovation. 

Product development also benefits from an informal knowledge 

apparatus which is embodied in related industry presence. Some aspects 

of knowledge have a tacit nature that cannot be completely codified and 

transferred through blueprints and instructions. This type of knowledge 

is learned through practice and familiarity in using a technology (Nelson 

and Winter 1982). Research on high-technology regions suggests that 

networks of related firms are crucial sources of the new ideas and the 

sources of the knowledge that contribute to innovation (Stohr 1986; 

Storper and Walker 1989; Sayer and Walker 1993). Concentrations of 

firms in related industries provide a pool of technical knowledge, 

expertise, and other important synergies for the innovation process. For 

example, product innovations in semiconductors spill-over into related 

electrical device, consumer electronics, and computer industries. A 

geographic concentration of related finns provides a potential base of 

suppliers and users which further develop and refine new innovations. 

Suppliers and end-users of a technology comprise an important source of 

outside knowledge and ideas (Von Hippel 1988). 

Business services provide market, financial and commercial 

knowledge. Specialized business selVices reduce the risks and 

opportunity costs that are associated with the commercialization by 

providing knowledge on government regulations and standards, product 

testing, as well as more traditional selVices such as financing. These 
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types of specialized producer selVices tend to locate near their clients 

(Coffey and Polese 1987). MacPherson (1991) finds that the use of 

external producer services correlates highly with realized product 

innovation. The crucial role played by business service providers in high

technology regions such as Route 128 (Dorfman 1983), and Silicon 

Valley (Saxenian 1985) has been noted. 

This model suggests four key knowledge inputs to the 

commercialization process: networks of finns in related manufacturing 

industries, concentrations of university R&D, concentrations of industrial 

R&D, and concentrations of business selVice providers. The importance 

of feedback and linkages among the various stages suggests that location 

may enhance the innovation process by creating greater opportunity for 

interaction and knowledge dissemination. As knowledge in a product 

category or industry develops, it becomes cumulative and non

transferable? The knowledge inputs used in commercialization may be 

embodied in human, institutional, and facility fonn. These types of 

resources are relatively immobile and place-specific (Tassey 1991). 

Geographers have long recognized that agglomeration economies 

cause industrial activity to cluster spatially (Weber 1929; Thompson 

1968). Agglomeration economies exist when a geographic concentration 

of resources creates spill-overs which lower the cost of complementary 

activities. Agglomerations of resources create geographic economies 

which are external to the benefitting finns. Similar to the more familiar 

economies of scope realized by complementary activities in large 

organizations (Teece 1980), agglomeration economies are cost-saving 

which are realized by geographic proximity. More precisely, the cost of 

generating two innovations in the same location will be lower than the 

combined costs of innovating in separate locations: 

(1) 

The subscript in the cost functions reference locations 1 and 2. 
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Agglomeration economies may increase infonnation transfer and 

promote spill-overs which lower the cost and reduce the risks associated 

with innovation. The attraction for innovative finns to agglomeration of 

needed resources is so strong that it is likened to a magnet (Florida and 

Kenney 1990:54-55). Spill-overs from geographic concentrations of 

innovative inputs are expected to lower the cost of producing innovative 

output. 3 The lower cost within these agglomerations suggests that these 

locations will be advantageous for the production of innovative output. 

As a result, we expect that these locations will commercialize a greater 

number of new product innovations. 

Innovation as a Cognitive Process 

Innovation, at a fundamental level, may be viewed as a 

communication process that bridges different disciplines with distinct 

vocabularies and unique motives.4 While infonnation may be easily 

transmitted across great distances, translating infonnation into useable 

knowledge is a more complex, cognitive process. When a technology is 

relatively stable it can be transmitted in a standardized fonn such as 

written articles or correspondence. However, when a technology is new 

there is great uncertainty about its applications and commercial value. 

When a technology is more volatile, communication becomes interactive. 

In the earliest stages, there is typically not even a language to 

communicate key concepts and there is a need to develop common codes 

of communication in order to coordinate search procedures. Individuals, 

especially those with different expertise from diverse backgrounds have 

different cognitive schemata. Interpreting and synthesizing this 

infonnation, the process of translating infonnation into knowledge, 

involves questioning and interpretation. This is a process of trial, 

feedback, and evaluation that is facilitated by face-to-face interaction. S 

Innovation requires these types of complex reciprocal interactions which 
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result in negotiations and re-conceptualizations as a product moves 

through the innovation process. There is much infonnation 

communicated in gestures, facial expression, and tone of voice. Such 

subtleties provide important clues in the search for meaning and context. 

All problem-solving activity uses cognitive models to dictate what 

infonnation is valuable and how this infonnation should be organized. 

In order to successfully innovate, it is necessary that scientists be able to 

communicate with production engineers as well as marketing and 

fmancial experts. This requires a shared language and the development 

of common frames of reference. A set of shared cognitive structures will 

exist among a group of participants in the innovation process as a 

common language and similar frames of references are defined. As a 

result, it becomes possible to assimilate new infonnation into these 

cognitive structures and for individuals to effectively accumulating the 

knowledge that facilitates innovation. Only through this cognitive process 

will interaction promote the learning and knowledge accumulation that 

contribute to innovative activity. 

Machlup (1962) argues that the process of solving a technical 

problem raises new research questions. Prior experiences detennine the 

ways in which infonnation is interpreted and used. Therefore, 

opportunities for new innovation build on previous activity in related 

technologies (Teece 1988). With a developing knowledge of a 

technology, existing innovators can more easily exploit the commercial 

value of infonnation and continue to innovate. This activity defines a 

technological trajectory. Furthennore, there are switching costs associated 

with moving into new technologies. In this way, knowledge used in the 

innovation process becomes specific to certain types of transactions and 

certain types of uses. 

Heterogeneity may be critical for innovation. If every person has 

identical knowledge and background, no amount of communication could 

increase the stock of knowledge. What you learn from another person 
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depends on what that person knows, not just on how hard you are 

searching for infonnation. A good example is the Levi-Montalcini and 

Cohen collaboration which resulted in a Nobel Prize for the discovery of 

a nelVe growth ... promoting agent. Rita Levi-Montalcini found that her 

lack of training in biochemical techniques was an impediment. Then she 

met Stan Cohen, a biochemist and noted that "The complementarity of 

our competencies gave us good reason to rejoice instead of causing us 

inferiority complexes." She recalled that Cohen commented, "Rita, you 

and I are good, but together we are wonderful (Stephan and Levin 1992: 

15)." 

David (1992) notes the importance of research communities and 

complementary expertise in the innovation process. Innovation is more 

the product of group efforts than the result of solitary genius. An area 

with innovative activity will develop a set of specialized resources which 

provide comparative advantage for the next round of innovation. This 

process is defined by Arthur (1990) as self-reinforcing expertise and gives 

rise to the geographic clustering of innovative activity. 

Stylized Facts on Innovation 

Giovanni Dosi provides five "stylized facts" or characteristics of 

the innovation process which are instructive in further considering why 

location may benefit innovative activity (1988a). The stylized facts are: 

the uncertainty of the innovation process; the reliance on university 

research; the complexity of the innovation process; the importance of 

learning by doing; and, the cumulative character of innovative activity. 

Each of these characteristics is considered in tum. 

Innovation can be viewed as highly uncertain. This uncertainty 

extends beyond the lack of infonnation about anticipated events and 

includes the existence of previously undefined scientific and technical 

problems. One approach to reduce uncertainty is participation in 
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infonnation exchanges. Innovative networks can be interpreted as the 

formation of research communities that finns join to exploit new 

developments in a technology in a timely manner (Nelson 1990). These 

types of networking activities enable a company to remain at the cutting 

edge of a technology and to facilitate problem-solving tasks. To the 

extent that location promotes timely infonnation exchange, innovation and 

new product commercialization will be enhanced. The cost of 

membership in innovative networks is a reciprocal sharing of infonnation 

which creates a de facto market for these transactions. The importance 

of networking for innovation in specific industries within geographic 

areas has been documented by Saxanien (1990) for Silicon Valley, and 

Powell (1989) for the biotechnology industry.6 

The uncertainty involved in using a new technology provides an 

incentive for finns to locate together (Lundvall 1988: 355). When 

technology is standardized and reasonably stable, infonnation exchange 

may be translated into standard codes. In this case, long distance 

transmission of infonnation can take place at low costs. On the other 

hand, when technology is complex and evolving rapidly, long distance 

standardized transmission is not possible. Therefore, location close to the 

source of the technology allows firms to translate infonnation into 

useable knowledge, creating an incentive for finns using complex and 

dynamic technologies to locate near knowledge sources. 

A geographic concentration of rival finns may provide a 

knowledge resource to reduce innovation's uncertainty. Von Hippel 

(1988) finds that recjprocal infonnation trading between rival finns 

provides an important innovative input. A geographic concentration of 

rival finns appears to facilitate networking and problem-solving, and 

advances the state of knowledge in the industry (porter 1990). Allen 

(1983) suggests evidence of the geographic nature of infonnation trading 

among rival finns in the nineteenth century English steel industry. As the 

presence of an industry expands in a given location, finns can specialize 
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in the production of complementary products, and provide expertise to 

enhance solution searches and further reduce uncertainty. 

Universities have become important to the innovation process. 

Universities emphasize the free exchange and flow of information and 

their existence in an area creates a sort of intellectual commons. In 

contrast to the notion that knowledge is a public good easily transferred 

via publications, gaining commercial control over a new technology 

requires access to individuals who can tum information into knowledge 

(Nelson 1989). An example of the importance of face-to-face interaction 

is provided by a survey of biotechnology researchers by Grefsheim et al. 

(1991). This work finds that the most important and timely information 

comes from personal communications which provide information far in 

advance of printed sources. Researchers reported that the stylistic 

limitations of formal papers limits their substantive usefulness. 

Specifically, "Formal papers do not contain the experimenter's strategies 

and perspectives, nor can they convey what the experimenter thinks the 

work means and how it dovetails with or contradicts other work" 

(Grefsheim et al. 1991: 41). While it cannot be disputed that academic 

conferences and long-distance consulting arrangements provide a means 

for information dissemination, such contact is less frequent, more costly 

and qualitatively different. 

The complexity of innovative activity increases the scope of the 

activities needed to complete the commercialization process. To manage 

this complexity, innovators must conduct intricate search procedures 

across a variety of disciplines to find specific information. The source of 

information will be highly specialized within each discipline. The limited 

usefulness of this information on a day-to-day basis favors external 

transactions. 

The increased scope of innovative activity is suggested by the 

increased prominence of business services. These services provide 

information about consumer demand and help shepherd new product 
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innovation through a maze of regulations and product specifications. The 

specialized selVices of patent attorneys, market research and feasibility 

studies, and commercial testing labs will only be internalized by the 

largest, most sophisticated corporations. SUlVey work by MacPherson 

(1991) found that the intensity of the usage of external producer selVices 

correlates highly with realized product innovations in medical and 

chemical finns. Most importantly, since producer services exist solely to 

supply information, these finns tend to locate near their clients (Coffey 

and Polese 1987). 

There is a certain element of serendipity in the search for relevant 

infonnation. Shimshoni (1966) argues that the larger the number of skills 

and interests represented in a given geographical area, the greater the 

probability of encounters which may lead to fruitful infonnation 

exchanges. Finns that are located in areas with, a range of infonnation 

sources which could potentially enhance the innovation process, will 

realize lower search costs in obtaining relevant infonnation. 

Some aspects of knowledge have a tacit nature which cannot be 

completely codified and transferred through blueprints and instructions. 

This knowledge is learned through practice and practical example (Nelson 

and Winter 1982). Experimentation in the fonn ofleaming-by-doing and 

leaming-by-using play an important role in innovation. Such expertise 

can come from a variety of sources in related industries. It may be 

generated by product buyers as they provide information about their 

needs to enhance product design and development (Von Hippel 1988). 

This expertise may be facilitated by input suppliers who disseminate 

technical information which, in tum, facilitates new product innovation 

(Cohen, Levin and Mowery 1987). In addition, competitors, who face the 

same obstacles and bottlenecks can be an important source of tacit 

infonnation (Von Hippel 1988; Porter 1990). 

Recent work by Carlson and Jacobsson (1991) suggests that the 

market for new technologies is primarily regional. The development of 
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technologically-complex products requires close collaboration between 

suppliers and customers. Until a product becomes standardized, constant 

specification and design changes make it too costly for suppliers to get 

involved with distant customers. 

In sum, the five characteristics presented here characterize 

innovation as a process that relies on the timely exchange of infonnation 

and the accumulation of knowledge. The uncertainty of the innovation 

process suggests that one way in which firms can reduce uncertainty is 

by engaging in a reciprocal sharing of information or networking with 

related finns. The prominence of university research argues for proximity 

to this innovative input to stay at the cutting edge of technology. The 

increased complexity of innovation suggests that other sources of 

information such as related industry presence and specialized business 

services are key to innovative success. These specialized information 

sources tend to locate near their client markets. Finally, the cumulative 

nature of innovative activity suggests that areas with demonstrated 

innovative success have assembled infonnation that facilitates the next 

round of innovation. Finns located in areas with limited access to 

external knowledge inputs must either rely on their own internal efforts 

or face higher opportunity costs when acquiring external infonnation 

(Davelaar and Nijkamp 1989; Brody and Florida 1991). Firms may 

attempt to internalize these knowledge resources by hiring skilled 

individuals with relevant expertise. But this strategy is geographically 

bound. The difficult of attracting skilled labor to remote sites is noted by 

Clark (1981). For the above reasons, innovation is expected to exhibit 

pronounced geographic clustering. The next chapter turns to a 

consideration of the empirical examination of the spatial distribution of 

innovation. 
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Chapter Notes: 

1. For example. see Allen (1983); Landes (1969); Lazonick (1991); 
Rosenberg (1982). 

2. Evidence on the non-transferability of knowledge is provided by 
Science Policy Research Unit (1972); Thomas (1985); Dosi (1988); 
Lundvall (1988). Grossman and Helpman (1989) demonstrate this result 
with a theoretical model. 

3. Related empirical work substantiates this conceptualization. Levin and 
Reiss (1986) conclude that an increase in technological spill-overs reduces 
unit cost and improves innovative performance. In a study of R&D spill
overs across industries. Bernstein and Naidiri (1988) estimate a .2% 
average cost saving from a 1 % increase in R&D spill-overs. 

4. See Carlson and Gorman (1992). Doheny-Farina (1992). and Williams 
and Gibson (1990). 

5. Langlois (1992) documents the development of the computer industry 
and provides examples of the personal nature of the transfer of 
technology. 

6. Freeman (1991) provides a review of recent studies on the importance 
of networking in innovative activity. 
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Spatial Patterns of Innovation 

Innovation is expected to exhibit strong geographic clustering 

because new product commercialization relies on knowledge that is 

cumulative and place-specific. This Chapter explores spatial patterns of 

innovation using the innovation citation data from the United States Small 

Business Administration (SBA). The data are based on new product 

citations and capture innovation which, by nature of the citation, add new, 

economically-useful knowledge to a product category. 

Measuring Innovative Activity 

Ideally, we would like to understand, and to measure, the spatial 

dimension of the economic process that leads to the development of new 

products. One obstacle to the analysis of the location of innovative 

activity has been the lack of a direct measure of innovative output. 

Malecki's studies (1981, 1985, 1986, 1990) examine the location of R&D 

activities and provide important insights into the factors that influence 

innovation. R&D expenditures are inputs to the innovation·process and 

represent resources that finns budget toward attempting to produce 

innovative output, but not necessarily the success of these efforts. 

Without a measure of innovative output, we cannot detennine if R&D 

expenditures are more productive in certain locations. 

The location of patented inventions is examined by Thompson 

(1962) and Jaffe (1989). Patents provide an indirect measure of 

innovative output. Griliches (1990), Mansfield (1984), and Scherer 

29 
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(1983) all warn that the number of patented inventions is not a direct 

equivalent of a measure of innovative output. Many patented inventions 

never become commercially-viable products and many successful products 

are never patented. Scherer (1983) finds the highest propensity to patent, 

based on the ratio of patents to R&D expenditures, in the following 

industries: industrial and residential equipment; stone, clay, and glass 

products; and, household appliances. The high propensity to patent in 

relatively mundane industries may reflect the incidence of "blocking" 

patents. Rather than adding economically useful knowledge, these patents 

may attempt to limit the diffusion of innovation by blocking competition. 

Mansfield finds that patenting is bypassed in the technology-intensive 

electronics field because the technical documentation necessary for the 

patent application releases proprietary design details which may then be 

exploited by competitors (Mansfield 1984). These problems with patents 

notwithstanding, the investigation of regional innovative activity has been 

hindered by the lack of geographic detail on patenting activity.1 

As a result of the lack of reliable geographic detail on innovative 

output, employment in high-technology industries is used to study the 

location of innovation. High-technology industries are defined using 

measures of R&D intensity. For example, The U.S. Office of Technology 

Assessmenfs 1984 study, Technology, Innovation and Regional Economic 

Development, defmes innovative industries as those with a ratio of R&D 

to sales greater than 3.1 % and with more than 6.3% of the work-force as 

scientific and technical workers. Twenty-eight three-digit industries 

satisfy these criteria, and therefore are defined as innovative industries. 

The sum of total employment in a state for these industries defines the 

presence of innovative activity for that state. There are limitations to this 

measure. The use of employment to defme innovation assumes that the 

employment patterns will be constant across all plants and establishments 

in an industry. Even though an industry employs a certain percent of 

scientific and technical workers, these workers are more likely to 
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employed at R&D labs than at branch plants. An employment-based 

definition gives the greater employment at branch plants more weight 

than R&D labs. As a result, locations with many branch plants will 

appear to be relatively innovative even though their activity is dedicated 

to production? 

This research uses a direct measure of innovation output to 

explore the location of innovative activity. In 1982, the Small Business 

Administration (SBA) conducted a census of innovation citations from 

over 100 scientific and trade journals.3 In contrast to patent data, which 

marks the certification of a new invention, innovation citations announce 

the market introduction of· a commercially-viable product.4 The SBA 

data contains a total of 4,200 manufacturing product innovations with 

infonnation on the location of the enterprise that introduced the 

innovation. 

Table 3-1: Correlation Matrix for Measures of 
Innovative Activit~ 

Innovation Patents R&D Employment 

Innovation 1.0000 -- -- --

Patents .9344** 1.0000 -- --
R&D .8551** .8804** 1.0000 --

Employment .9737** .9888** .7013 1.0000 

Comparison Among Measures of Innovation 

The innovation citation data provide a direct measure of 

innovative output How do these data compare to other measures of 

innovation used in the literature? The innovation citations are highly 

correlated with other measures of innovative activity. Table 3-1 presents 

the correlations by state. These high correlations are expected and add 
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Table 3-2: How Do States Compare on Various 
Measures of Innovative Activity ? 

State Innovation Rank Patents Rank % High- Ran 
per per Tech k 

100,000 100,000 Workers 
Workers Workers 

Arizona 27.70 8 70.20 19 41 1 

California 46.94 3 925.50 1 37 4 

Colorado 22.46 9 95.13 16 35 5 

Connecticut 28.51 7 312.32 9 39 2 

Florida 14.60 18 121.49 14 31 10 

Georgia 10.10 27 55.01 22 10 42 

Dlinois 18.16 13 702.29 4 28 14 

Indiana 7.49 34 224.64 10 21 26 

Iowa 8.16 32 69.63 20 23 22 

Kansas 7.77 33 41.55 24 37 3 

Kentucky 3.33 42 59.89 21 17 33 

Louisiana 2.39 44 46.70 23 29 13 

Massachusetts 51.87 2 383.67 8 33 7 

Michigan 11.02 25 494.27 7 15 36 

Minnesota 28.65 6 179.94 12 27 16 

Missouri 8.20 31 121.20 15 20 27 

New Jersey 52.33 1 753.87 3 30 11 

New York 29.48 5 818.62 2 22 24 

Ohio 15.00 17 572.78 6 22 23 

Oklahoma 10.15 26 129.80 13 33 6 

Pennsylvania 18.28 12 667.34 5 23 20 

Rhode Island 18.46 11 26.93 26 16 35 

Utah 11.83 22 29.51 25 31 9 

Virginia 9.09 29 85.10 18 26 17 

Wisconsin 15.61 16 181.66 11 24 19 
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validity to the use of the innovation data. These findings indicate that the 

alternative measures provide reasonable representations of innovation. 

Table 3-2 provides a comparison of states for various measures 

of innovative activity. The alternative measures of innovative activity are 

highly correlated within states, however, the relative ranking of states 

between the categories is very different. Employment-based definitions 

of innovative industries rank states such as Arizona and Connecticut 

higher than the other measures. This may be attributable to the large 

number of high-technology branch plants located in these states.6 The 

patent measure ranks older, industrial states such as lliinois, Michigan and 

Ohio higher than the innovation measure.7 This may be partially 

explained by examining the industrial mix of these states. Scherer (1983) 

fmds the highest propensity to patent, based on the ratio of patents to 

R&D expenditures, in industrial and residential equipment, stone, clay 

and glass products, and household appliances. States with higher 

concentration of these industries will exhibit relatively more patenting 

activity. To the degree that innovation citations reflect new commercial 

innovations introduced to the market, these other measures may 

misinterpret states' success as sources of innovative activity. 

State Patterns of Innovation 

While previous research notes that innovative inputs are spatially

concentrated, Peter Hall (1985) fmds that the spatial concentration of 

innovative output has not been demonstrated. We find, using the SBA 

innovation citation data, that innovative output is highly spatially 

concentrated. Forty-six states plus the District of Columbia are the 

location of some innovative output. There is significant concentration of 

this activity in the eleven states which account for 81 % of the 4,200 

innovations. The states which produce the greatest number of innovations 

are California (974), New York (456), New Jersey (426), Massachusetts 
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Table 3-3: Which States are the Most Innovative? 

State Innovations Innovations per 100,000 
Manufacturing Workers 

New Jersey 426 52.33 

Massachusetts 360 51.87 

California 974 46.94 

New Hampshire 33 30.84 

New York 456 29.48 

Minnesota 110 28.65 

Connecticut 132 28.51 

Arizona 41 27.70 

Colorado 42 22.46 

Delaware 15 21.13 

National 4200 20.34 

Rhode Island 24 18.46 

Pennsylvania 245 18.28 

lllinois 231 18.16 

Texas 169 16.14 

Wisconsin 86 15.61 . 

Washington 48 15.38 

Ohio 188 15.00 

Florida 66 14.60 

Oregon 32 14.48 

Source: Number of innovations are from the SBA Innovation Citation Data. 
Number of manufacturing workers are from the 1982 Census of Manufacturers. 
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(360), Pennsylvania (245), IDinois (231), Ohio (188), Texas (169), 

Connecticut (132), Michigan (112) and Minnesota (110). Tables 

presented in this section will focus on the most innovative states. 

Complete tables with data for every state are provided in the Appendix. 

To nonnalize for differences in state size, innovation may be 

measured on a per worker basis. Table 3-3 presents the number of 

innovations per 1()(),()()() manufacturing employees in 1982; states are 

ranked from the most innovative to the least innovative. New Jersey has 

the highest rate of innovation followed by Massachusetts and California. 

These states generate innovation at greater than twice the national rate of 

20.34 innovation per lOO,()()() manufacturing workers. Seven other states, 

New Hampshire, New York, Minnesota, Connecticut, Arizona, Colorado, 

and Delaware were also more innovative than the national average. 

Table 3-4 presents the distribution of innovations by two-digit 

industries and state. 8 The first row presents the total number of 

innovations for an industry. For example, Food and Kindred Products 

(SIC 20), had 110 product innovations in 1982. Each cell in the table 

corresponds to a state and two-digit industry combination. For example, 

Arizona was the source of twenty-one innovations for Electronic and 

other Electrical Equipment and Components (SIC 36). 

Does geography matter for innovation or is the proportion of 

innovations attributed to each industry and state simply detennined by the 

industry's and state's propensity to innovate? One hypothesis about the 

distribution of innovation among states and industries might be that it 

simply reflects the proportion of innovations attributed to the industry and 

to the state. For example, the proportion of innovations in electronics in 

California may be a function of the probability of an innovation occurring 

in the state of California and the probability of an innovation occurring 

in the electronics industry.9 If this were true, location, specifically the 

interaction of industry with location would have no effect on innovation. 

In such a case, the distribution of innovations would be detenninistic and 
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Table 3-4: Number of Innovations by State and 
Industry 

Selected Two-Digit SIC Code Industries 
State 

Total 20 28 34 35 36 37 38 

National 4200 110 292 201 1392 840 66 1042 

Arizona 41 0 0 2 8 21 0 9 

California 974 8 18 26 398 288 18 187 

Colorado 42 0 0 0 22 9 0 9 

Connecticut 132 3 11 5 47 24 3 ·33 

Georgia 53 12 2 3 12 8 1 11 

lllinois 231 5 15 18 81 31 1 56 

Indiana 49 0 3 2 17 11 2 9 

Mass. 360 13 22 15 102 0 3 120 

Michigan 112 1 11 7 29 9 21 0 

Minnesota 110 6 5 8 38 14 0 28 

New Jersey 426 6 75 19 114 58 0 131 

New York 456 20 39 20 111 0 2 147 

Ohio 188 3 16 21 51 27 3 44 

Pennsylvania 245 14 27 16 78 30 0 66 

Texas 169 4 14 10 58 35 2 37 

Wisconsin 86 1 2 6 28 17 1 29 

Note: Complete state data are provided in the Appendix. See Table A-4. SIC 
20: Food and Kindred Products; SIC 28: Chemicals and Allied Products; SIC 
34: Fabricated Metal Products; SIC 35: Industrial and Commercial Machinery 
and Computer Equipment; SIC 36: Electronic and Other Electrical Equipment; 
SIC 37: Transportation Equipment; SIC 38: Measuring, Analyzing and 
Controlling Instruments 
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geography would not matter for innovation However, a Chi-Squared test 

of the independence of state and industry innovations rejects this 

hypothesis. Therefore, we conclude that the number of innovations in a 

state and industry is not detennined strictly by the state's and industry's 

propensity to innovate. 

Another hypothesis is that the location of innovation is solely a 

function of the location of industry. Industries are geographically

concentrated and the geographic distribution of innovation may be 

detennined by the geographic distribution of manufacturing. In this case, 

the nllI!lber of innovations in an industry and state would be highly 

correlated with industrial presence in that state. The correlation of the 

count of innovation and state manufacturing value added was 0.236. For 

two-digit sectors and states, the correlation between innovation and value

added was .4202. Although innovation is positively correlated with 

industry presence, the relationship is not detenninistic. 

The geographic concentration of innovation is more pronounced 

with greater industry detail. Table 3-5 provides the distribution of 

innovations by state for a subset of the most innovative three-digit 

industries. The industries in this table are ranked by the total number of 

innovations and indicate geographic distribution. For example, there are 

954 product innovations in computers (SIC 357) and 668 product 

innovations in measuring and controlling instruments (SIC 382). Column 

(3) lists the number of innovations that are attributed to each state. For 

each three-digit industry, the two states which account for the highest 

number of innovations are listed. For example, the state of California 

provided 365 innovations for SIC 357. This represents, on average, one 

innovation in the computing machinery industry in California for every 

day of the year. This was 38.3% of the innovations in the computing 

machinery industry as indicated by Column 4. The state of California has 

a grand total of 974 innovations. Column 5 reports that the computing 

machinery industry represents 37.6% of the state's total innovations. 
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Table 3-5: Distribution of Three-digit Innovations 
by State 

Product (2) (3) (4) (5) (6) 
State Count % of % of Location 

Innovations State Quotient 

Computers SIC 357 n=954 

California 365 38.3 37.6 167.84 

Massachusetts 82 8.6 22.8 100.44 

Measuring and Controlling Instruments SIC 382 n=668 

California 134 20.1 13.8 126.42 

Massachusetts 94 14.1 26.1 164.15 

Communication Equipment SIC 366 n=376 

California 116 30.9 11.9 132.22 

New York 45 12.0 9.9 110.00 

Electrical Components SIC 367 n=261 

California 128 49.0 13.2 211.29 

Massachusetts 26 10.0 7.2 116.13 

Medical Instruments SIC 384 n=228 

New Jersey 57 25.0 13.5 248.15 

New York 51 22.4 11.2 207.41 

General Industrial Machinery and Equipment SIC 356 n=l64 

Pennsylvania 25 15.2 10.2 261.54 

New Jersey 18 11.0 4.2 107.69 

Drugs SIC 283 n=133 

New Jersey 52 39.1 12.3 381.25 

New York 18 13.5 4.0 121.88 
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In the literature, location quotients, in the last column of Table 

3-5, assess the degree of geographic specialization or the extent to which 

an activity is represented in a geographic area compared to its 

representation in the national economy. The innovation location 

quotients, found in column 6, are calculated as the percentage of 

innovation in a state accounted for by an industry divided by the 

percentage of national innovations accounted for by that industry: 

1. 
14" = - )( 100. 

1,. 
(2) 

where Ais' the numerator, is the percentage of the innovations in a state, 

s accounted for by the industry, i. The denominator is the percentage of 

national innovations accounted for by that industry. The ratio is then 

multiplied by 100. 

An innovation location quotient of 100 indicates that innovation 

is equally represented in the state and national economies. A location 

quotient greater than 100 indicates relative specialization in that activity. 

For the seven most innovative industries listed in Table 3-5, the average 

location quotient is 218.39, indicating that these areas have achieved 

some specialized advantage for that industry. Indeed, on average, the 

most innovative state accounts for 31 % of the innovations within an 

industry. Almost one-third of the innovations in innovative industries are 

concentrated in the most innovative location. to 

This descriptive analysis leads one to question why manufacturing 

product innovations cluster in certain locations. What factors and forces 

detennine the location of innovative output? The next section examines 

this issue from various perspectives. 
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Table 3-6: State Expenditures for Industrial R&D and 
University Research: 1977 

State (1) (2) Ratio 
Industry R&D University Research of 

Funds Funds (1)/(2) 

California $ 5,600 $ 586 9.6 

Connecticut $ 876 $ 89 9.8 

lllinois $ 1,360 $ 199 6.8 

Massachusetts $ 1,349 $ 298 4.5 

Michigan $ 2,750 $ 171 16.1 

Minnesota $ 602 $ 95 6.3 

New Jersey $ 2,191 $ 68 32.2 

New York $ 2,542 $ 482 5.3 

Ohio $ 1,183 $ 137 8.6 

Pennsylvania $ 1,845 $ 240 7.7 

Note: Data for 1977 is used to accommodate the time-lag between R&D expenditures 
and market introduction. Expenditure funds are in millions of nominal 1977 dollars 
and are from National Science Board (1989). 

The Location of Innovative Inputs 

Two important inputs to the innovation process are university 

R&D and industrial R&D. Table 3-6 presents university research and 

industrial R&D expenditures for a select group of innovative states. 

University research and Industrial R&D are presented in millions of 

nominal 1977 dollars. The last column in Table 3-6 presents the ratio of 

industry R&D expenditures to university research expenditures. 

This presentation is instructive for further analysis. On the basis 

of expenditures alone, large population states like California predominate. 

This suggests that further analysis should accommodate for population 

size in order to facilitate cross state comparisons. The year 1977 is 

chosen to approximate the time-lag between product development and 
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commercial introduction. The use of funds for a single year raises 

questions about yearly fluctuations in expenditure levels. The innovative 

capacity of an area may reflect the accumulated stock of the innovative 

inputs rather than a single one-year flow. This suggests that the analysis 

use the stock of input expenditures over a longer time period. In 

addition, the more pronounced clustering within industry groups suggests 

that the analysis should be conducted at the industry level. 

Table 3-7: Number of Innovations Yielded Per Unit of 
Innovative Input for the Computer Industry, SIC 357: 

Selected States 

(1) (2) (3) (4) 
State N University R&D Industrial R&D Related Industry 

Funds Ratio Funds Ratio Value- Ratio 
Added 

California 365 $366.0 1.00 $3883 0.094 $4195.84 0.086 

Connecticut 29 $ 7.2 4.03 $ 650 0.045 $1037.72 0.028 

Florida 17 $10.6 1.60 $ 375 0.045 $ 515.03 0.033 

lllinois 35 $124.2 0.28 $ 894 0.039 $4404.49 0.008 

Massachusetts 82 $119.6 0.69 $ 954 0.085 $2117.67 0.039 

Michigan 14 $ 21.8 0.64 $1815 0.007 $3050.29 0.005 

Minnesota 24 $ 6.4 3.75 $399 0.060 $1444.81 0.017 

New Jersey 65 $ 40.5 1.60 $ 1361 0.047 $1242.57 0.052 

New York 77 $ 88.5 0.87 $1859 0.041 $3161.09 0.024 

Ohio 16 $ 20.3 0.79 $ 926 0.017 $3842.52 0.004 

Pennsylvania 34 $ 34.3 0.99 $1293 0.026 $2518.65 0.013 

Ratio refers to the number of innovations per unit of innovative input University Research 
and industry R&D funds and industry value-added are in millions of 1972 dollars. 

Table 3-7 examines the relationship between innovative output 

and innovative inputs for the computer industry (SIC 357). For this 

descriptive analysis the innovative inputs are measured as the average 



42 The Geography of Innovation 

annual expenditure over the ten-year time period prior to the introduction 

of the innovations in 1982. Expenditures are in millions of 1972 real 

dollars. Column (1) shows the number of innovations by state. Column 

(2) presents both university R&D expenditure and the ratio of the number 

of innovations yielded per dollar of university research expenditure. For 

example, one million dollars of university R&D in California produced 

one product innovation in the computer industry. Column (3) represents 

the total state industrial R&D funds along with the ratio of the number 

of innovations per dollar of industrial R&D expenditure. University 

expenditure yields more innovations per dollar spent because of lower 

expenditure levels. By way of example, the California data indicates that 

$11 million dollars in industrial R&D yields one product innovation in 

the computer industry. 

Additionally, Table 3-7 includes a measure of related industry 

presence in the state. Related industry is measured as value-added for the 

2-digit industry 35. To capture the stock of related industry technical 

infonnation and avoid yearly fluctuations, the ten-year average in millions 

of real dollars is used. Value-added for SIC 35 is positively correlated 

with product innovations for SIC 357. This description examines the 

location of three innovative inputs: university research expenditures; 

industrial R&D expenditure; and related industry presence, and finds a 

correspondence between the concentration of the innovative inputs and 

the presence of innovation output at the state leve1. A test of the 

relationship between the concentration of innovative inputs and the 

location of innovative output requires further empirical examination. 

Real Effects of Academic Research 

Adam Jaffe (1989) provides the first examination of the extent to 

which spatially-mediated R&D spill-overs influence the generation of 

increased innovative output at the state level. While prior research 
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considers R&D spill-overs across technical areas, this work reflects the 

first attempt to model geographically-mediated spill-overs.ll The results 

demonstrate that patenting activity increases in the presence of high 

corporate R&D expenditures. In addition, corporate patent activity 

responds positively to knowledge spill-overs from university research. 

This evidence suggests that industrial R&D and university research 

exhibit geographically-mediated influences on the number of commercial 

patents. The amount of R&D expenditures in a state has a positive and 

significant effect on the number of corporate patents which originate in 

that state. 

Jaffe uses patents to identify the contribution of university 

research in generating "new economically-useful knowledge." As 

discussed earlier, patents are not a direct measure of innovative output. 

In contrast, the innovation data exclude those inventions which were 

patented but did not prove to be viable for market introduction and 

include innovations which were never patented. Are the same effects 

realized if the innovation citation measure is substituted into the Jaffe's 

model? 

Jaffe's model uses a knowledge production function framework 

with a two-input modified Cobb-Douglas specification: 

IogP III = PllogIND .. + P"JogUN1Y" (3) 
+ P3IogPOP.6 + P4(logUN1Y,,*logC) + £",-

The unit of obselVation is at the level of the state, s, and the 

"technological area", or industrial sector, i. Jaffe assigns patents to the 

five technical areas of drugs, chemicals, electronics, mechanical arts, and 

all others. For innovative output, Jaffe uses the number of corporate 

patents per technical area in a state. The two innovative inputs are total 

industrial R&D expenditures by state, IND.s' and university research 

expenditures by technical area by state, UNIVis• Unfortunately, industrial 

R&D expenditures are not available at the industry level. In order to 
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compensate for using state level data to measure geographic spill-overs, 

Jaffe constructs an index of the geographic coincidence of university and 

industrial research labs, C.s•
12 State population, PO p.s' is included to 

control for size differences across the geographic units of observation. 

Table 3-8 : Summary Statistics for Regression 
Sample using Data from Jaffe (1989) and 

Innovation Citations 

Mean Standard Minimum Maximum 
Deviation 

University Research 98.8 144.0 12.0 710.4 

Industrial R&D 582.9 823.5 3.8 4328.9 

Geographic Index 0.63 0.35 0.03 1.00 

Population 5955.9 4853.0 946 24,265 

Patents 879.4 975.7 39.0 3230.0 

Innovations 130.1 206.4 4.0 974.0 

University research and Industrial R&D expenditures are reported in millions 
of 1972 dollars. Patents and innovation are the count for each measure. 
Population is reported in thousands. 

Table 3-8 compares the mean measures of university research 

expenditures and corporate patents used by Jaffe against the mean number 

of innovations per state. University research and industrial R&D 

expenditures are presented in millions of 1972 dollars.13 Jaffe pools 

eight years of data across states in estimating the production function for 

patents. This is not possible with the cross-sectional innovation data. 

Further, it is important to recognize that Jaffe's results do not vary greatly 

when the model is estimated using the eight-year mean values. Table 3-9 

provides a comparison of Jaffe's results using the eight-year pooled patent 

data against results using the eight-year mean. 

Not surprisingly, the mean patent measure yields virtually 

identical results to the results based on the pooled estimation. That is, 

both private corporate expenditures on R&D, and expenditures by 
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universities on research are found to exert a positive and significant 

influence on patent activity. The coefficient on industrial R&D is 

remarkably close to the coefficient estimated using the pooled sample. 

It should be noted that the coefficient on university R&D is larger and 

more statistically significant in the mean patent model. However, the use 

of mean values do not change the conclusion. 

Table 3-9: Comparison of Regression Results 
Using Jaffe's Pooled Patent Measure and the 

Mean Patent Measure 

Pooled Patent Measure Mean Patent Measure 

Log(lND) 0.713& 0.668& 
(0.035) (0.078) 

Log(UNIVJ 0.084b 0.241& 
(0.047) (0.066) 

Log(UNIV.)*log(C) O.loga 0.020 
(0.041) (0.082) 

log(pOP) 0.179& 0.059 
(0.068) (0.046) 

n 1160 145 

R2 0.915 0.959 

Standard Errors in Parenthesis. Note: & indicates significance of at least .95; 
b indicates significance of at least .90. 

Table 3.10 provides a comparison of the results using both the 

patent measure and the innovation measure. Substitution of the direct 

measure of innovative activity for the patent measure in the knowledge 

production function generally strengthens Jaffe's arguments, and 

reinforces his fmdings. The effect of university spill-overs is apparently 

greater on innovations than on patented inventions. The elasticity of the 

10g(UNIVg) almost doubles from 0.241 when the patent measure is used 

in comparison to 0.431 when the innovation measure is used. Most 

importantly, the innovation data provides even greater support that spill

overs are facilitated by geographically-mediated spill-overs from 
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university research and industries R&D activities. Clearly, with both of 

these measures of innovative output, we can conclude that industry R&D 

and university research have a strong and statistically significant 

geographically-mediated effect 

Table 3-10: Comparison of Regression 
Results Using Jaffe's Patent Measure 

and the Innovation Measure 

Patents Innovations 

Log(IND) 0.668- 0.428-
(0.078) (0.093) 

Log(UNIVJ 0.241- 0.431-
(0.066) (0.071) 

Log(UNIV.) * 10 g (C) 0.020 0.173b 

(0.082) (0.090) 

10g(POP..) 0.059 -0.072 
(0.046) (0.056) 

n 145 12514 

R2 0.959 0.902 

Standard Errors in Parenthesis. Note: _ indicates significance 
of at least .95; b indicates significance of at least .90. 

Differences between the two measures may reflect two separate 

and distinct stages in the innovation process. Patents represent new 

inventions, not new commercial introductions. As we might expect, 

industry R&D expenditures have a larger coefficient and statistically 

stronger effect on patents than on innovations. Because patents are closer 

to the initial stages of the innovation process, they may be more directly 

related to the work of the R&D lab. On the other hand, university 

research has a greater effect on the number of commercially-viable 

innovations in a state. This result is somewhat surprising because 

university R&D is generally thought to be typically far removed from the 



Spatial Patterns of Innovation 47 

market. The specification might consider additional influences which 

account for the location of innovation. 

Commercial innovation may benefit from spill-overs of other 

types of activities that are omitted from this two-input model. 

Commercial innovation is the result of several different, but 

complementary types of knowledge; that is, scientific and technical 

knowledge coupled with practical knowledge of the market. Technical 

knowledge, partly codified and fonnal, and partly infonnal and tacit, 

provides the discovery and development of a new invention. In order to 

generate a profit, this knowledge must be coupled with a complementary 

knowledge of the market and an understanding of consumer demand. 

University research and industrial R&D are important inputs to the 

invention process which result in $e granting of a patent, however other 

types of knowledge inputs are useful in the commercialization process. 

The commercialization process is more complicated than the 

patenting process, and spill-overs from other inputs may effect the 

location of product innovation. Most importantly, innovation may benefit 

from spill-overs from other finns that use similar technologies as well as 

from spill-overs from producer selVices which provide knowledge relating 

to consumers and the market. These issues are examined in the next 

chapter. 
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Chapter Notes: 

1. The computerization of the U.S. Patent office provided Jaffe (1989) 
an opportunity to look at regional patenting activity. Also see Jaffe, 
Trajtenberg and Henderson (1993). 

2. Branch plant locations are more likely to engage in process innovation 
(Howells 1990). 

3. This data was analyzed in considerable detail by Acs and Audretsch 
(1988,1990). The data are introduced on page 4. A more complete 
description of the data is provided in Appendix A. 

4. Infonnation as to the economic significance or the revenue generated 
by each innovations is not available. An example of the demands of this 
type of detennination is provided by Trajtenberg (1990) in an extensive 
study of cr scanners. 

5. Patent counts by state are from Jaffe (1989) and represent the average 
annual number of patents received in 29 states over an eight-year period. 
High-technology employment data are from the U.S. Office of 
Technology Assessment (1984) for the year 1982 for the ten states with 
the highest high-technology employment levels. R&D expenditures are 
from the National Science Foundation as reported by Jaffe (1989). An 
alternative employment-based measure of innovations is high-tech 
employment as a percentage of non-agricultural employment (Glasmeier, 
1985). This measure had a correlation coefficient of .4474 with 
innovations and .3201 with patents. 

6. Estimates of employment in high-technology industry used in this 
table are from Glasmeier (1985). This measure is used because the 
counts of high-technology employment used in table 3-1 are available for 
only ten states. This measure has a correlation coefficient of .4474 with 
innovations and .3201 with patents. 

7. Patent counts are from Jaffe (1989) and represent the average annual 
corporate patenting activity for a state for the years 1972-1977, 1979 and 
1981. Jaffe only provides data for 29 states, and the ranking in Table 3-2 
reflects the relative position out of the 29 cases. 

8. This is a very abbreviated summary of the complete table found on 
page 122 of the Appendix. 

9. If s references the state and i references the industry, then Pis = Pi.P.s. 
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10. These results hold for a larger set of industries. See Table A-5 in 
the Appendix. 

11. Zvi Griliches (1992) provides a review of empirical literature on 
R&D spill-overs. 

12. The geographic coincidence index is calculated as 

1: UNIYI/:TPtt: 
C = e • 
~ [1: ~1Il[1: TP!JIIl' 

c c 

where TPic is the total number of R&D lab workers in a city or SMSA. 
The geographic coincidence index is calculated as the uncentered 
correlation of the vectors Ui and TPi across SMSA' s within a state. 
Jaffe's hypothesis is that research will yield more innovative activity if 
university and industrial labs are geographically-concentrated. For 
example, more patents would be expected in lllinois where industrial and 
research labs are concentrated in Chicago than in Indiana where 
university labs are located in different SMSA's than industrial labs. For 
estimation purposes, the log( C.J is re-scaled to have a zero mean. 

13. All data sources and a detailed description of the data and measures 
can be found in Jaffe (1989). Jaffe uses an eight-year sample (1972-
1977, 1979 and 1981) and the data presented in Table 3-8 represent the 
eight-year average. 

14. The number of obselVations for patents, Pis, is the product of 5 
technical areas, i, and 29 states, s. For comparability with Jaffe (1989), 
the number of innovation observations excludes twenty zero cases. The 
zero cases are included in Chapter 4 when these results are extended 
using a Tobit analysis. 
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Technological Infrastructure 

New products are the result of a commercialization process which 

begins with invention, proceeds with development, and concludes with 

market introduction. This process requires diverse types of knowledge 

and expertise. In order for an innovation to be commercialized, 

university and industrial R&D, the inputs identified in the previous 

chapter, must be combined with a body of practical, technical knowledge 

as well as a working knowledge concerning consumer demand and the 

marketplace. This conceptualization suggests that innovation will be 

advanced by four types of institutions and resources: university R&D, 

industrial R&D, agglomerations and clusters of finns in related industries, 

and networks of business-service finns. Taken together, these 

complementary institutions provide resources and knowledge inputs to the 

innovation process, generate positive externalities and spill-overs which 

lower the cost of developing new innovations, and reduce the risks 

associated with innovation. Once combined, these resources fonn a 

technological infrastructure conceptualized as an integrated and spatially

concentrated network of institutions that provide inputs to the innovation 

process. 

This chapter offers· a model of a regional technological 

infrastructure that is based on the diverse types of knowledge which are 

required to complete the commercialization process. In operational tenns, 

the technological infrastructure is defined in tenns of four classes or 

factors: agglomerations and networks of firms in related industries; 

51 
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concentrations of university R&D; concentrations of industrial R&D; and 

networks of business-seIVice finns. The empirical results confinn our 

conceptualization. Innovation is found to cluster geographically in areas 

that contain concentrations of specialized resources which comprise the 

technological infrastructure. 

Innovation Inputs 

The innovation process model, discussed in the previous chapter, 

suggests four key knowledge inputs to the commercialization process. 

The discovery stage relies on infonnation from university research and 

industrial R&D. Further development and refinement of the product 

innovation is provided by expertise familiar with the technology and 

gained from manufacturing experience or product use. Knowledge of the 

market and the process of bringing an innovation to the market is 

provided by producer seIVices. 

University research is an important source of basic knowledge 

that may be important to the innovation process. Nelson (1986) and 

Mansfield (1991) note that university R&D enhances the stock of basic 

knowledge, generates increased technological opportunities across a wide 

range of industrial fields, and increases the potential productivity of 

private industrial R&D. Mansfield (1991) finds that university R&D 

generates a social rate of return in excess of 25 percent. Overall, the 

research literature suggests that university R&D tends to have a positive 

effect on commercial innovation. Malecki (1981) identifies the 

concentration of university R&D in a few major clusters such as the 

Boston-Cambridge area and the San Francisco Bay area. Others (Jaffe 

1989; Acs, Audretsch and Feldman 1992) identify strong co-location of 

university and industrial R&D at the state level, and that such co-location 

of activity has a positive impact on the generation of patents and 

innovations. 
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Industrial R&D laboratories provide sources of scientific and 

technical knowledge required for new product development. With few 

notable exceptions, such as A'IT and IBM which conduct advanced basic 

research similar to that conducted in universities and government 

laboratories, industrial R&D laboratories specialize in market-oriented 

R&D, more specifically, the translation of scientific and technical 

infonnation into marketable products. The regional concentration of 

industrial R&D and its importance to both the innovation process overall 

and the fonnation of regional innovation complexes is highlighted in the 

geography literature (Stohr 1986; Tassey 1991). Malecki (1983) provides 

extensive evidence of the geographic concentration of R&D by region, 

state and metropolitan area, with marked concentrations on the East and 

West coasts. Further, Malecki (1981) obselVes a regional specialization 

of R&D, with electronics R&D concentrated in the Boston and San 

Francisco Bay areas and automotive R&D concentrated around Detroit 

and Oeveland. Clearly, the consensus is that industrial R&D has a 

strong, positive effect on the location of innovation. 

Product development also benefits from an informal knowledge 

apparatus which is embodied in related industry presence. Some aspects 

of knowledge have a tacit nature that cannot be completely codified and 

transferred through blueprints and instructions. This type of knowledge 

is learned through practice by using a technology, and is best transferred 

through practical demonstration and usage (Nelson and Winter 1982). 

Research on high-technology regions suggests that networks of finns, 

particularly manufacturing finns, are crucial sources of the new ideas and 

sources of the knowledge that contribute to innovation (Stohr 1986; 

Storper and Walker 1989; Sayer and Walker 1993). Concentrations or 

agglomerations of finns in related industries provide a pool of technical 

knowledge and expertise, and provide a potential base of suppliers and 

users that further develop and refme these new innovations. Additionally, 

suppliers and end-users of a technology comprise a important source of 
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outside knowledge and ideas (Von HippeI1988). Concentrations of firms 

in related industries create important synergies for the innovation process. 

For example, product innovations in semiconductors spill-over into related 

electrical devices, consumer electronics and computer industry. 

Business services provide marketing and commercialization 

infonnation and experience. Specialized business services reduce the 

risks and the opportunity costs that are associated with the innovation 

process by providing knowledge on accounting, government regulations 

and standards, marketing, product-testing, and financing. These types of 

specialized producer services tend to locate near their clients (Coffey and 

Polese 1987). MacPherson (1991) finds that the use of external producer 

services correlates highly with realized product innovation. The pivotal 

role of business services has been established in the development of high

technology regions such as Route 128 (Dorfman 1983), and Silicon 

Valley (Saxenian 1985). 

In conclusion, the model developed here suggests four key 

innovative inputs: networks of finns in related manufacturing industries; 

concentrations of university R&D; concentrations of industrial R&D; and 

conc~ntrations of business service providers. The presence of these four 

inputs constitute an area's technological infrastructure. To test the 

relationship between the technological infrastructure and the location of 

innovative output requires further empirical examination. 

Empirical Model 

Following Griliches (1979), innovation is analyzed in a modified 

production-function approach; innovative output depends on the presence 

of innovative inputs. The inputs are suggested in the previous chapter by 

disaggregating the innovation process into the interdependent stages of 

basic research, applied research, and commercial manufacturing and 

marketing (Kline and Rosenberg 1987). This perspective suggests that 
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institutions and institutional capabilities may provide outside resources as 

innovative inputs. 

Innovative output, INNis, the number of innovations for an 

industry, i, and a geographic area, s, is modeled as a function of four 

innovative inputs: 

INN,. = UNw!l IND:: REu>RES!' BSERv!4. (4) 

INDIB is industrial R&D expenditures in the geographic area, s, for the 

related, larger industry group, I. The more encompassing industry group, 

I, measures the technological area across which spill-overs would be 

expected to occur. UNWIB is university research expenditures measured 

at the level of the academic department and allocated to the relevant 

industry group. RELPRESIB is the presence of related industry, including 

the presence of finns in industries using related technologies as well as 

downstream users of a technology who may disseminate infonnation 

about the technology. BSERV IB is the presence of specialized business 

services related to innovative activity within the industry. 

Data and Estimation Issues 

There are a number of issues to consider with the model 

estimation. To capture the stock of knowledge inputs, and to avoid 

yearly fluctuations, the inputs are measured as the ten-year average of 

annual expenditures for the ten years prior to the market introduction. 

The dependent variable in equation 4 is the number of innovations for an 

industry, i, which originated in state, s. The number of innovations by 

state and industry is a censored-dependent variable; the number of 

innovation will either be zero or some positive integer. Cases in which 

there is no innovation output provide information about how innovative 

locations differ from non-innovative locations. Therefore, including these 
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cases improves the accuracy of the estimation. This analysis uses the 

Tobit model due to the censored nature of the dependent variable. 

Our unit of observation is the state and industry. There were a 

total of 95 three-digit industries which contain at least one innovation 

citation. A large number of zero cells result when the data are stratified 

by state. In order to proceed with the estimation, it is necessary to limit 

the sample. 

Table 4-1: Innovative Three-Digit Industries: 
Ranked by Number of Innovations 

SIC Industry Number of 
Innovations 

357 Computer and Office Machinery 954 

382 Measuring and Controlling Instruments 668 

366 Communications Equipment 376 

367 Electronic Components 261 

384 Surgical, Medical and Dental Instruments and Supplies 228 

356 General Industrial Machinery and Equipment 164 

283 Drugs 133 

355 Special Industrial Machinery 116 

349 Miscellaneous Fabricated Metal Products 105 

362 Electronic Industrial Machinery 74 

386 Photographic Equipment and Supplies 61 

282 Plastic Materials and Synthetic Resins 51 

284 Soap, Detergents and Cleaning Preparations 50 

The analysis is based on the thirteen most innovative three-digit 

industries listed in Table 4-1. These thirteen industries account for eighty 

percent of the total innovations. Each industry included in the estimation 

contains a minimum of fifty innovation citations. As such, this group is 

appropriate to study the location of innovative industries. 
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The SBA innovation data provide infonnation on the state of the 

establishment that is responsible for developing the innovation. Because 

the phenomenon we model may be more local in nature, two variables 

are added to control for aggregation bias. State population, POP.s' is 

included to control for differences in state size and to facilitate cross-state 

comparisons. Geographic concentration, CONC.s' is added to control for 

within-state variation. 1 One additional control variable, industry sales, 

SALESi., is included as a control for industry demand which may affect 

the number of innovations within an industry. 

The resulting equation for estimation is 

Log(INN,) = Ptlog(UNWU> + P21og(IND1) + P3Log(REIPRESU> 
+ P41og(BSERV) + P'jCONC.3 + P 610g (POP) 
+ P71og(SALES,.) + €u. 

(5) 

Each of the independent variables will be discussed in tum? 

UNWIs represents university R&D expenditures. University 

research is an important source of the basic knowledge that is expected 

to be important to the innovation process. Since the dependent variable 

measures innovation brought to the market in 1982, university research 

which contributed to these innovations was conducted years earlier.3 The 

precise year is difficult to discern because there is great variation in the 

path to market. Indeed, a realized innovation is most likely the result of 

the cumulative effect of research that has been conducted over time. To 

capture the effect of university research expenditures on innovative 

activity, the average annual expenditures in the ten-year period prior to 

the introduction of the innovation was taken. Unfortunately, data are not 

available for the years 1978 and 1980. Consequently, the variable is 

defined as the eight-year average over the ten-year time period. 
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Table 4-2: Linking Industries to University 
Departments 

Industry University Department 

SIC 28: Chemicals and Allied Products Medicine, Biology, Chemistry and 
Chemical Engineering 

SIC 34: Fabricated Metal Products Mechanical Engineering and Other 
Engineering and Physical Sciences 

SIC 35: Industrial and Commercial Electrical Engineering, Astronomy, 
Machinery and Computer Equipment Physics, Computer Science, Mechanical 

Engineering and Other Engineering and 
Physical Sciences 

SIC 36: Electronic and Other Electrical Electrical Engineering, Astronomy, 
Equipment and Components Physics, and Computer Science 

SIC 38: Measuring, Analyzing and Medicine, Biology, Electrical 
Controlling Instruments Engineering, Astronomy, Physics, 

Computer Science, Mechanical 
Engineering and Other Engineering and 
Physical Sciences. 

There are great differences in the scope and commercial 

applicability of university research undertaken in different fields. 

Academic research will not necessarily result in useful knowledge for 

every industry, however scientific knowledge from certain academic 

departments is expected to be important for specific industries. To 

capture the relevant pool of knowledge, academic departments were 

assigned to relevant industrial fields at the level of the two-digit industry. 

For example, product innovation in drugs (SIC 283) is linked to research 

in medicine, biology, chemistry and chemical engineering. Table 4-2 

presents the assignment of research funds by academic department to 

innovative output in an industry. The data is from the National Science 

Foundation's (NSF) Survey of Science Resources.4 

INDIa measures the industrial R&D expenditures perfonned within 

companies as reported by the National Science Foundation's Science 

Resources SUlVey. These data do not include R&D expenditures which 

are contracted to outside organizations such as universities and colleges, 



Technological Infrastructure 59 

Table 4-3: Industrial R&D Data Availability 
With R&D Data Innovations Without Data Innovations 

Alabama 5 Alaska 0 

Arizona 41 Delaware 15 

Arkansas 5 Hawaii 0 

California 974 Idaho 6 

Colorado 42 Maine 4 

Connecticut 132 Maryland 28 

Florida 66 Missouri 36 

Georgia 53 Montana 0 

llHnois 231 Nevada 1 

Indiana 49 New Hampshire 33 

Iowa 20 New Mexico 3 

Kansas 15 North Dakota 0 

Kentucky 9 Oregon 32 

Louisiana 5 South Carolina 18 

Massachusetts 360 South Dakota 0 

Michigan 112 Tennessee 20 

Minnesota 110 Texas 169 

Mississippi 4 Vermont 6 

Nebraska 9 Washington 48 

New Jersey 426 West Virginia 4 

New York 456 Wyoming 0 

North Carolina 38 

Ohio 188 

Oklahoma 20 

Pennsylvania 245 

Rhode Island 24 

Utah 11 

Virginia 38 

Wisconsin 86 
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nonprofit organizations, research institutions and other companies. The 

data represent the ten-year average for R&D expenditures in real dollars. 

The sample is defined in the following way. The confidentially 

requirements of the NSF data suppress data for some locations. As a 

result, industrial R&D expenditures are available for twenty nine states. 

The available states, listed in Table 4-3, contain over 92% of the total 

innovations introduced in the U.S. in 1982. This sample accounts for 78 

percent of the U.S. population and 81 percent of the university research 

expenditures in 1982. Conversely, states for which R&D data is 

unavailable account for 325 innovations or 7.7 percent of the total 

innovations.5 The model estimation uses data for these 29 states. 

The question arises as to what is the technological neighborhood 

across which R&D spill-overs occur. Do R&D spill-overs occur within 

a narrow band of related industries or do R&D spill-overs cross the entire 

spectrum of manufacturing industries? This is an empirical question that 

suggests two alternative specifications of industrial R&D. The first 

specification uses R&D for the set of related industries, INDJs: 

log(INN.) = P1log(UNIVr) + P21og(INDr) + P3Log(REURESU> 
+ P4Iog(BSERV.) + P5CONC oS + P6Iog(POP.) 
+ P7Iog(SALES,.) + 8". 

(6) 

The second specification measures total industrial R&D for the state, 

IND.s: 

log,(INN.) = P1log(UNW u> + PJog(IND.s) + P3Log(REURESU> 
+ P41og(BSERY) + P,CONC oS + P,Jog(POP) 
+ P71og(SALES,.) + e". 

(7) 

The second specification argues for measurement that is 

compatible with the data which is available for university research 



Technological Infrastructure 61 

expenditures. Unfortunately, before 1987, the National Science 

Foundation only provides data on total industrial R&D expenditures at the 

state level. To test the importance of R&D expenditures for a specific 

industry, it is necessary to construct estimates of state R&D expenditures 

at the industry level. Detail on R&D expenditures at the two-digit 

industry are available from the 1987 National Science Foundation's 

Survey of Industrial Research and Development. Expenditures are 

classified under the SIC code of the perfonning company. The 1987 data 

was used to allocate the average state R&D expenditures to tWO-digit 

industries within a state, INDJs. 

The allocation method described above assumes that the 

percentage of industrial R&D originating within an industry and state has 

remained relatively stable. There is no evidence that the within-state 

allocation of R&D expenditures has changed. Malecki and Bradbury 

(1991) report that the geographic location of corporate R&D facilities in 

the U.S. has been remarkably consistent since 1970. Glasmeier (1988) 

notes a movement of scientists and engineers to the South and West 

during this time period, attributing this migration to the establishment of 

technological branch plants which locate R&D activity nearer the locus 

of production. Howells (1990:138) suggests that these units are more 

oriented towards process innovation and incremental improvements and 

are fundamentally different from the central R&D labs which are more 

likely to be involved with product innovation. Nationally, the distribution 

of R&D expenditures to the industries considered here were stable from 

1978 to 1987. The within-state R&D expenditures allocations are 

assumed to be similarly stable. 

RELPRESIs is the concentration of finns in related industries. 

Concentrations or agglomerations of related finns provide a pool of 

technical knowledge and expertise, and a potential base of suppliers and 

users which further refine and contribute to new innovations. Related 

industry presence is measured as value added for the major industry 
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group related to the industry under consideration. The SIC code 

classification scheme is designed to accommodate this type of 

relationship.6 A three-digit industry is related to other industries within 

its two-digit major industrial group. For example, drugs (SIC 283), 

would benefit from the presence of related activity in the industrial group 

Chemicals and Allied Products (SIC 28). To capture the stock of 

manufacturing knowledge in a related industry, we use the average real 

value-added for the corresponding two-digit industry over the ten-year 

period prior to the introduction of the innovation. 

BERV.s represents business selVices, the last input in the model. 

The presence of business services related to innovative activity is the 

most challenging to measure. There are a variety of business services 

that provide essential knowledge of the marketplace and other aspects of 

the commercialization process. A case in point is that the selVices of 

patent attorneys may be a critical input to the innovative process. 

Unfortunately, data of this detail do not exist. All legal services are 

grouped together in SIC 8111 without any finer detail. Additionally, of 

all the producer-services available to support innovative activity, the only 

category that is specifically targeted to the introduction of new 

innovations is commercial testing laboratories, SIC 7397. This is used as 

a rough measure for business services related to innovative activity. The 

presence of business services related to innovative activity will be 

measured as the annual average receipts of Commercial Testing 

Laboratories over the time period 1972 to 1982, in constant dollars. 

Table 4-4 presents summary statistics for the data used in the model 

estimation. 

There are three statistical issues that require attention in the 

model estimation. These include the censored nature of the dependent 

variable, the likely structure of the disturbances, and the probable 

multicollinearity of the independent variables. Each of these will be 

discussed below. 
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Table 4-4: Summary Statistics for Data Used in the 
Estimation 

Variable Mean Standard Minimum Maximum 
Deviation 

Innovations (INN;) 7.72 24.49 0 365 

University Research (UNN ~ 32.52 59.41 0.3 380.60 

Industry R&D (IND.J 582.90 818.51 9.0 3883.00 

Industry R&D (IND~ 50.87 91.87 0.09 580.80 

Related Industry Presence 903.06 1062.60 4.04 4404.00 
(RELPRESrJ 

Business Services (BSERV.J 13.88 17.02 0.50 89.52 

Geographic Concentration 0.41 0.23 1.10 0.94 
Index (CONC.J 

Industry Sales (SALESJ 9.82 3.48 3.73 16.24 

State Population (POP.J 5919.07 4905.33 955.00 22350.00 

University research expenditures, industrial R&D expenditures, related industry 
value-added, receipts from specialized business services and total industry sales are 
in millions of 1972 dollars. Population is measured in thousands. 

The number of innovations in a state and industry is a limited 

dependent variable which will either be zero or some positive integer. As 

previously mentioned, there are 95 three-digit industries which contain at 

least one innovation citation. When the data are stratified by state, a 

large number of zero cells result. In order to proceed with the model 

estimation, we limit the sample to the thirteen most innovative three-digit 

industries listed in Table 4-1. This provides 377 state-industry 

observations.7 In the sample used for estimation, there are 140 state and 

industry observations, or 37%, with zero innovations. Parameter 

estimates based on only non-zero cases would cause a truncation of the 

error tenn which would result in biased estimates. The Tobit Model 

avoids this problem by using all the cases in the sample to generate more 

efficient estimates (Tobin 1958). For this reason, we use the Tobit model 

to estimate the innovation production function equation. 
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Table 4-5: Correlation Matrix for Innovative Inputs 

IND .• INDII UNNIa RELPRESIa BSERV .• 

IND .. 1.00 -- -- -- --

INDo n.a. 1.00 -- -- --
UNNa 0.68 0.51 1.00 -- --

RELPRESa 0.63 0.58 0.39 1.00 --
BSERV .• 0.73 0.53 0.56 0.53 1.00 

Note: Reported correlations are for the log values of each of the variables. 
n.a. indicates the variables do not appear in the model together. 

Care must be taken in interpreting the estimated coefficients for 

the Tobit model. The obselVed number of innovations in a state and 

industry reflects two underlying processes. The first is whether an area 

is innovative or not. The second is the number of realized innovations 

or the measure of exactly how innovative the area is, given that it is 

innovative. McDonald and Moffitt (1980) demonstrate that a Tobit 

coefficient can be intetpreted as a weighted average of two effects: first, 

the effect of an increase in an independent variable on the probability that 

the dependent variable is greater than zero; second, the effect of the 

expected value of the dependent variable, given that it is above the limit. 

The magnitude of these two effects depends on the values of the 

independent variables. As the independent variables reach their 

maximum, the second effect converges to the value of the Tobit 

coefficient and the first effect goes to zero. 

There are two concerns affecting the possible structure of the 

error tenn. The first concern is the spatial auto-correlation of the error 

tenns that is associated with regional cross-sectional data. A random 

shock affecting economic activity in one state may affect economic 

activity in adjacent states due to the existence of economic ties between 

the states. In this case, the disturbances corresponding to contiguous 

states or states related for other reasons will not be zero and the 
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parameter estimates will suffer a loss of efficiency. Durbin-Watson tests 

for the existence of auto-correlation were conducted on different orderings 

of the data. No conclusive presence of auto-correlation was found, 

therefore no correction for spatial auto-correlation is made. A second 

concern is the possible heteroscedasticity of the error tenn. Breusch

Pagan tests revealed no heteroscedasticity in the innovation equation 

specification. 

Table 4-6: Tobit Estimation of Innovation Equation 
(Standard Errors in Parenthesis) 

Variable Model A: Model B: 

Log(IND.J 0.190-
(0.054) 

Log(INDJ 0.049-
(0.034) 

Log(UNIVJ 0.123- 0.176-
(0.044) (0.045) 

Log(RELPRESxJ 0.296- 0.358-
(0.046) (0.050) 

Log(BSERV.J 0.118- 0.212-
(0.057) (0.057) 

Log(POP,J 0.103- 0.131-
(0.030) (0.033) 

Log(SALESL) -0.230 -0.260 
(0.117) (0.128) 

CONC .. 1.02Q& 1.113& 
(0.195) (0.214) 

iJ 0.850 0.899 

Log-likelihood -473.46 -477.79 

Standard errors are in parenthesis. The Number of observations is equal to 
377. Note: a indicates significance of at least .95. 

An additional econometric concern in estimating the model is the 

existence of multicollinearity which is suspect with geographic cross

sectional data. With state data, it is highly likely that the independent 

variables may be affected by some common trend or underlying state 
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characteristics. Table 4-5 presents the correlation matrix for the 

innovative inputs. There is evidence of some degree of multicollinearity 

which may result in parameter estimates exhibiting higher estimated 

variances and, as a result, the coefficients may be less statistically 

significant than expected. The next section presents the results of the 

Tobit estimation. 

Empirical Results 

Table 4-6 presents the results of the maximum likelihood 

estimation of the Tobit specification of the innovation equation. Each of 

the four inputs is statistically significant at 95% for a two-tailed test. 

Innovative activity in states is related to spill-overs from the innovative 

inputs of university R&D, industrial R&d, related industry presence and 

the presence of specialized business services. 

Results are presented for the two variations of the industrial R&D 

variable: Model A uses total industrial R&D expenditures, IND.s; Model 

B uses the estimates of R&D for the related two-digit industry, INDJs. 

This allows an empirical testing of the extent of the technological 

neighborhood across which R&D spill-overs occur. For example, do 

R&D spill-overs occur within a narrow band of related industries or do 

they occur across the entire spectrum of manufacturing industries? A 

comparison of the two models suggests that Model A, using total 

industrial R&D expenditures, provides a better model of the innovation 

equation than the alternative Model B. In so far as any inferences can be 

drawn, Model A exhibits a better statistical fit. Total industrial R&D 

expenditures have a larger and more statistically significant coefficient 

than industrial R&D expenditures estimated at the industry level. The 

elasticity of innovative output with respect to total industrial R&D 

expenditures is three times the elasticity of industry specific R&D 
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expenditures. The higher coefficient on total R&D expenditures may well 

reflect spill-overs across industries but still within-state boundaries. 

Furthennore, research and development expenditures are usually 

undertaken by large integrated corporations with interests in several 

product categories. The lower coefficient for INDIs may reflect that 

industry assignment is based on the SIC code of conducting establishment 

and does not reflect the industry toward which the research expenditures 

and efforts are directed. 

As discussed earlier, the Tobit coefficient estimates cannot be 

directly intetpreted but must be broken down into two effects. At the 

sample mean of total industrial R&D expenditures, less than one-half of 

the total response of innovation is attributable to an increase of 

innovation by states above the threshold; the remainder of R&D 

expenditures is attributable to an increased probability of achieving some 

innovative output. 

The results in Table 4-6 indicate that not only does innovative 

output increase in the presence of high private expenditures on R&D, but 

the presence of research expenditures undertaken by universities within 

the state also increases innovative output. Industrial R&D is specifically 

targeted to produce innovative output. The fact that university research 

expenditures spill-over into increased innovative activity is supported by 

recent work by Jaffe (1989) and Mansfield (1990). The university 

research expenditures variable, UNW Is' is measured at the departmental 

level. The results indicate that the strength of the research expenditures 

at the academic departments relevant to the innovative industry will have 

a statistically significant effect on innovative output within the state. 8 

Related industry presence, RELPRESIS , is statistically significant 

as it relates to innovation in a state. This fmding indicates that tacit 

experience with a technology, translates into increased innovative output 

in a state. Related industry presence is measured as value-added in the 

larger industry group to which the innovation is attributed. This variable 
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has the largest elasticity of innovative output with respect to an 

innovative input. This result supports the idea that learning by doing and 

learning by using are important inputs to the innovation process. The 

magnitude of this coefficient raises questions about the relationship of 

industry presence to the other innovative inputs. A strong industry 

presence in a location may reflect higher industrial and university R&D 

expenditures in related technical areas. These questions will be 

considered in the next chapter which presents the estimation of the system 

of equations designed to account for the endogeneity of the innovative 

inputs. 

The fmal innovative input is specialized business services. 

Specialized business services is statistically significant in relationship to 

innovative output at the state level. This finding is consistent with Alan 

MacPherson's (1988) finding that localized external sources of specialized 

business services contribute to realized innovative output. 

Three control variables are added to the model: SALESi., POP.s' 

CONC.s• Industry sales, SALESi ., provides a control for the size of the 

three-digit industry to which the innovation belongs. As discussed 

earlier, all of the industries that are used in the analysis are high 

innovative opportunity industries. This variable provides a control for the 

total national industry sales which will be related to product demand. 

This variable was not statistically significant. 

Population size, POP.s and the geographic coincidence variable, 

CONC.s' are included to mitigate the effect of aggregation bias caused by 

using states as the unit of observation. As discussed earlier, states are a 

less than satisfactory unit of observation. It is difficult to consider that 

economic spill-overs occur equally in California and in Rhode Island. 

For this reason, POP.s' provides a control for the size of the state and 

facilitates comparisons across states. 
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Table 4-7: Distribution of Innovations by Three-digit 
Industry for Small and Large Firms: Ranked by Number 

of Total Innovations 

Number of Innovations 
SIC Industry 

Count Small Large 
Firm Firm 
)l (0) )l (0) 

357 Computer and Office Machinery 954 18.41 10.52 
(47.61) (21.53) 

382 Measuring and Controlling Instruments 668 13.31 7.24 
(21.64) (11.25) 

366 Communications Equipment 376 7.66 3.86 
(15.09) (7.58) 

367 Electronic Components 261 4.07 4.10 
(12.53) (12.53) 

384 Surgical, Medical and Dental Instruments 228 5.72 1.59 
and Supplies (11.11) (3.22) 

356 General Industrial Machinery and 164 3.14 2.24 
Equipment (4.56) (2.73) 

283 Drugs 133 1.10 3.41 
(1.97) (8.60) 

355 Special Industrial Machinery 116 2.45 1.14 
(3.51) (1.85) 

349 Miscellaneous Fabricated Metal Products 105 1.83 1.38 
(3.23) (1.99) 

362 Electronic Industrial Machinery 74 1.17 1.24 
(2.02) (1.86) 

386 Photographic Equipment and Supplies 61 0.97 1.14 
(1.92) (2.29) 

282 Plastic Materials and Synthetic Resins 51 0.38 0.76 
(0.78) (1.94) 

284 Soap, Detergents and Cleaning 50 0.83 0.69 
Preparations (1.58) (1.79) 

The geographic coincidence index, CONC,s, provides a control for 

within-state variation in the concentration of manufacturing activity. One 

would expect that the more concentrated that the manufacturing activity 

is within a state, the more likely that the innovative inputs would spill-
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over into increased innovative output. The geographic coincidence 

variable is positive and is statistically significant. This result confirms 

the hypothesis that within-state concentrations of manufacturing activity 

are important to innovative output. 

Small Firm Innovation and Location 

For most of the past fifty years, economists have believed that 

large finn size inherently confers an advantage in innovative activity 

(Schumpeter 1942; Galbraith 1952). Large, modem corporations benefit 

from fonnal R&D laboratories and the internal specialized business 

services which provide resources to bring new product innovations to 

market. These resources are typically beyond the means of small 

business. The research finding that small businesses are the source of 

innovation in certain industries (Acs and Audretsch 1988, 1990; Pavitt, 

Robson and Townsend 1987; Rothwell and zegveld 1982) poses 

something of a puzzle. Where do small firms acquire the resources to 

successfully engage in innovation? 

One possible explanation is that small finn innovative activity 

relies on external sources of knowledge as inputs to the innovation 

process. Larger finns are able to internalize innovative inputs and 

complementary activities to' facilitate innovation. Lacking these 

resources, small firms may rely on external complementary resources to 

engage in innovation. The technological infrastructure may enable small 

firms to engage resources only available to larger finns in other locations. 

In this way, location may be especially beneficial to small finn innovative 

activity. 

The relative importance of inputs for different finn sizes can be 

ascertained by estimating the innovation equation separately for the 

innovative activity of small and large finns and comparing the resulting 

coefficients. The SBA innovation data identify innovations emanating 
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from large finns and from small enterprises. Large finns are defined as 

having 500 or more employees. Small firms are defined as having fewer 

than 500 employees. Table 4~ 7 presents the distribution of innovation by 

firm size for the industries used in the estimation. 

Table 4-8: Tobit Estimation Results 
by Firm Size 

(Standard Errors in Parenthesis) 

Variable All Firms Large Firms Small Firms 

Log(IND.J 0.190- 0.146- 0.140-
(0.054) (0.040) (0.057) 

Log(UNIVJJ 0.123- 0.068- 0.145-
(0.044) (0.037) (0.046) 

Log(RELPRESJJ 0.296- 0.245- 0.214-
(0.047) (0.044) (0.050) 

Log(BSERV.J 0.118- 0.071b 0.149-
(0.057) (0.047) (0.059) 

Log(POP .J 0.103- 0.085- 0.126-
(0.030) (0.028) (0.032) 

Log(SALESi.) -0.230 -0.086 -0.198 
(0.117) (0.106) (0.120) 

CONC .. 1.020- 0.810- 0.895-
(0.197 (0.178) (0.202) 

tJ 0.850 0.743 0.841 

Log-Likelihood -473.46 -402.24 -444.83 

Standard Errors in Parenthesis. Number of observations is 377. 
_ indicates significance at .95. b indicates significance at .90. 

Table 4-8 compares the results of the model estimation for all 

firms, large finns and small finns. The four innovation inputs from the 

geography of innovation model, including university R&D; industrial 

R&D; and related industry presence are statistically significant at the 95% 

confidence level. Also, the presence of specialized business selVices is 

statistically significant at the 95% confidence level for small firms and at 
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the 90% confidence level for large finns. Clearly, regardless of firm size, 

the geography of innovation production function for innovative output 

remains reliable. A Chow test of the equality of coefficients in the two 

regressions rejects the hypothesis that the two models are equivalent at 

.01 level of significance. The innovative activity of small and large finns 

reflect different usage of the innovative inputs. 

There are several differences between small and large finns in the 

importance of the inputs in generating innovative output. Innovative 

small finns make greater use of university research than do their larger 

counterparts.9 The elasticity of innovative output with respect to 

university research is more than twice as great for small finns than for 

large firms. One potential explanation for this finding is that small firms 

have a less well-developed internal R&D capability than their larger 

counterparts and thus rely more heavily on external R&D from 

universities. Link and Rees (1990) reach a similar conclusion in survey 

work on the usage of university research. The lack of internal resources 

to support in-house specialized business services may also account for the 

fmding that innovative activity of small firms benefits more from the 

presence of specialized business services in the state. to The elasticity 

of innovative output with respect to business services is twice as great for 

small finns than for their larger counterparts. 

Where do small finns acquire the resources- to successfully 

engage in innovation? The results suggest that small firms rely more on 

external sources of input to the innovation process. Small finns appear 

able to generate innovative output while undertaking negligible amounts 

of investment in R&D by capturing spill-overs from university research. 

Large firms are more adept at exploiting knowledge created in their own 

laboratories, while smaller finns exhibit a comparative advantage at 

exploiting spill-overs from university laboratories. One possible 

explanation for this is that small businesses have a less well-developed 

internal R&D capability than their larger counterparts and thus rely more 
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heavily on external R&D from universities. While large firms are more 

likely to have fonnal university research relationships, small firms tend 

to receive greater benefit. Another possible explanation of this result is 

that knowledge which may be otherwise difficult to appropriate results in 

the start-up of a new, small firm. Further, the findings indicate that a 

small finn's innovative activity benefits more from the presence of 

specialized business selVices than their larger counterparts. A plausible 

explanation for this fmding may be the small finns' lack of internal 

resources to allocate to in-house, specialized business selVices. This 

fmding is consistent with MacPherson's (1988) fmdings that the intensity 

of use of external producer selVices correlate highly with small firm 

product innovations. 

Larger firms are able to internalize innovative inputs and provide 

complementary activities that facilitate innovation. Lacking these 

resources, small firm innovative activity appears to benefit from an 

external technological infrastructure, an integrated and spatially

concentrated network of institutions which provide inputs to the 

innovation process. The technological infrastructure may enable small 

firms to engage resources that were once only available to larger firms in 

other locations. In this way, location may be especially beneficial to 

small finn innovation. 

In conclusion, the main findings of the empirical estimation 

confirm the hypothesis that innovation is concentrated in places that 

possess a well-developed technological infrastructure. Innovations are 

found to cluster geographically in areas that contain concentrations of 

specialized resources which comprise a technological infrastructure. 

These findings support the conceptualization that concentrations of 

knowledge are important to new product commercialization. The next 

chapter explores the relationship between these knowledge resources. 
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Chapter Notes: 

1. The geographic concentration variable, CONC.s' measures the amount 
of manufacturing activity in the largest Standard Metropolitan Statistical 
Area (SMSA) relative to total manufacturing activity in the state. These 
data are presented on page 127 of the Appendix. For the estimation of the 
innovation equation, the log of the geographic concentration variable is 
not taken. There is no strong a priori functional specification and the 
estim.ation of the innovation equation with a log transfonnation of this 
variable yielded similar results. 

2. The dependent variable is based on the SBA innovation citation data 
introduced in Chapter 1 and discussed in Chapter 3. 

3. A recent survey by Edwin Mansfield (1991) estimates that the average 
time lag between a recent academic research finding and the first 
commercial introduction of a new product was on average approximately 
7 years with a standard deviation of 2 years. These results are based on 
a survey of key managerial technical personnel from 76 large corporations 
in 7 industries. 

4. The data were compiled by the Neil Bania at the Center for Regional 
Economic Issues, Case Western University. 

5. The sample for estimation accounts for 78% of the U.S. population 
and 81 % of the university research expenditures in 1982. 

6. An alternative to estimate key suppliers and users would be to use the 
1978 National Input-Output Tables to link three-digit industries together 
(Survey of Current Business). This approach revealed that the most 
important linkages occurred within the larger two-digit industry. For 
example, the industry SIC 283, Drugs, received an input share of 27% 
from related industries in SIC 28. This was the single largest share with 
the remainder of 73% of inputs dispersed across other industries. 

7. Three hundred and seventy-seven obselVations are the result of data 
for 13 industries and 29 states. 

8. An alternative specification of the innov~tion equation using total 
university research expenditures, similar to the specification presented 
using two variations of industrial R&D, was estimated. Total state 
university research expenditures were statistically significantly related to 
innovations within the state, however the overall fit of the model 
declined. Pragmatically, this is understandable because it is less plausible 
that basic research in biology would spill-over to innovations in an 
unrelated field such as electronics. 
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9. There is a statistically discemable difference in the coefficients of 
university research expenditures for small and large firms at the 95 
percent level of confidence using a two-tailed test 

10. There is a statistically discemable difference in the coefficients of 
business selVices for small and large firms at the 90 percent level of 
confidence using a two-tailed test. 
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Regional Innovative Capacity 

Case studies of successful high-technology complexes such as 

Route 128 (Dorfman 1983) or Silicon Valley (Saxanien 1985) suggest 

that these areas and industries developed as entrepreneurial efforts built 

on the existing technological infrastructure. While historical events and 

specific individuals served as catalysts in the development of these areas, 

these regions benefitted from local institutions and resources which 

provided a core competency to move both the area and the industry 

forward. This technological infrastructure creates an underlying capacity 

that supports and sustains innovative activity. Part of the classical story 

of innovative locations is the mutually dependent and reinforcing nature 

of these different types of knowledge. 

Our results demonstrate that commercial innovation benefits from 

spill-overs from the technological infrastructure. This technological 

infrastructure includes the formal technical knowledge that is derived 

from university research and industrial R&D, the tacit knowledge which 

accompanies familiarity with a technology, and the commercial 

knowledge of the market. The location of these innovative inputs are not 

exogenous to the model of the geography of innovation. Relationships 

governing the innovation inputs are important to understanding how areas 

develop a comparative advantage for innovative activity in specific 

industries. The mutually-reinforcing and path-dependent nature of 

knowledge creates the specialized capabilities which propels innovation 

forward in particular technologies and industrial sectors. Once in place, 

77 



78 The Geography of Innovation 

this technological infrastructure nurtures opportunities for increased 

innovative activity. This chapter considers the detenninants of . the 

location of the resources in the technological infrastructure. 

The Capacity Building Perspective 

Classical location theory focuses on the individual location 

decisions of profit-maximizing finns. According to this perspective, 

finns freely scan the landscape to select locations which optimize the 

finn's functional requirements. l In studying innovation, this perspective 

is especially limited because it focuses on the more traditional factors of 

production and does not consider knowledge inputs. In contrast to 

infonnation, knowledge is the result of a stock of significant investments 

made over time. Knowledge will be embodied in either institutions or in 

human beings and it is expected' to be relatively immobile and place

specific. Knowledge is created through social relationships and in 

specific contexts. It is these knowledge creating relationships which 

provide the capacity to commercialize new products. In this sense, it is 

the regional capacity which creates the potential to innovate and which 

shapes, and is shaped by, the locational choices of individual finns. 

Some scholars argue that places grow partly as a result of 

serendipity or so-called "historical accidents"(Stotper and Scott 1990; 

Arthur 19(0). While there is no doubt that such unpredictable chance 

events occur, these "accidents" will not spark innovation and subsequent 

economic development if an area lacks a technological infrastructure. 

The ability of an area to capture the benefits of historical serendipity is 

detennined by the level of preparedness of the underlying technological 

infrastructure. Chance occurrences may not materialize into any enduring 

effect if key knowledge resources are lacking. Indeed, scientific 

discoveries may be developed and commercialized elsewhere and new 

firm starts-ups may migrate to more fertile areas if the knowledge that 
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promotes these innovative activities is lacking. Locational advantage and 

innovative capacity appear to stem from, and to be embedded in, the 

underlying technological infrastructure of a place. 

There is an emerging literature that considers the role of regional 

capacity, defined here as the ability of place-specific resources to promote 

economic activity. Florida and Kenney (1988) suggest that innovative 

activity is promoted by an underlying social structure of innovation which 

promotes and sustains new finn start-ups. Storper and Walker (1989) 

emphasize the spatial and place-specific nature of the process of 

technological change and industrial development. We have, however, a 

limited understanding of the nature of place-specific advantage and how 

it comes into being. The question at hand is -- what detennines a 

regional's innovative capacity? 

Empirical Model 

A region's innovative capacity is modeled as a recursive system 

of four equations. Individual equations are specified to isolate the 

detenninants of industrial R&D, university R&D, and business services. 

We treat the presence of finns in related manufacturing industries as 

exogenous.2 

Innovative output, INNis' the number of innovations for an 

industry, i, and a geographic area, s, is modeled as a function of four 

innovative inputs: 

INDIs is industrial R&D expenditures in the geographic area, s, for the 

related, larger industry group, I. The more encompassing industry group, 

I, measures the technological area across which spill-overs would be 

expected to occur. UNWIs is university research expenditures measured 

at the level of the academic department and allocated to the relevant 
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industry group. RELPRESIs is the presence of related industry, including 

the presence of firms in industries using related technologies as well as 

downstream users of a technology who may disseminate infonnation 

about the technology. BSERV Is is the presence of specialized business 

services related to innovative activity within the industry. 

Equation (8) approximates a technical relationship that relates the 

location of innovative inputs to the location of realized innovative output. 

The presence of the innovative -inputs in a geographic area will be a 

function of a set of behavioral relationships which govern their location. 

The second equation in the system examines the factors that 

detennine the location of industrial R&D. Malecki (1985) found that 

R&D laboratories tend to locate either near production facilities or near 

firm headquarters. These locational patterns reflect the historical 

development of industrial R&D (Mowery and Rosenberg 1988). We also 

expect that industrial R&D expenditures would be allocated to regions 

where there are strong related university research programs. Mansfield 

(1991) found that nearly 40 percent of the researchers cited by electronics 

and infonnation processing firms and a quarter of the researchers listed 

by chemical and pharmaceutical companies were located in the same state 

as the finn that cited the work as important to new product development. 

Jaffe (1989) found a strong relationship at the state level between industry 

and university R&D. The industrial R&D equation examines the location 

of industrial R&D in relation to the location of other innovative inputs, 

notably university research, finns in related industries, and corporate 

he adquarters. 3 

The industrial R&D equation is specified as: 

log(IND) = y1log(UNW) + Y21og(RELPRES) 
+ Y31og(HDQRT) + Y4

'
g(POP) + tIs· 

(9) 
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where RELPRES.s is related industry presence in the area, and HDQRT.s 

is included to measure the presence of Fortune 500 manufacturing firm 

headquarters in the area. 

The third equation in the system examines the factors which 

effect the location of university R&D. As noted above, Mansfield (1991) 

suggests that industry R&D expenditures and presence will influence 

university research expenditures in the geographic area. Mansfield found 

that companies tend to use research at nearby universities, independent of 

the generally perceived quality of the school. Companies tend to be more 

aware of research projects that are being conducted at universities within 

their same state and are more likely to use this research in their product 

development.4 As a result, firms may be more likely to fund research at 

these universities or otherwise contribute to the ability of the related 

academic department to attract funding. Jaffe (1989) provides strong 

evidence of the co-location of industrial and university R&D. 

The university R&D equation explores the interaction between 

university research, industrial R&D and other determinants. It is 

specified as: 

log(UNW.al = Yllog(lJINDJJ + y,)og(lJREURESJJ (10) 
+ y,FFRDCJI + y.log(POP) + vIr 

where UNWIs represents research expenditures for departments with 

research relevant to an industry group, I.; the summation operator on 

industrial R&D expenditures, INDIs and value added, and RELPRESIs, 

indicates the total for these variables across industries for whom the 

academic department's research is relevant. Table 5-1, which is a re

representation of Table 4-2, links university departments back to the two

digit industrial R&D expenditures and the related industry presence 

considered pertinent to the university department. For example, research 

in the chemistry and chemical engineering departments is relevant to 

Chemicals (SIC 28). FFRDC.s is the number of Federally-Funded 
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Research and Development Centers in each state and selVes as a 

barometer of a university's receptiveness to participate in technology 

transfer with industry. This equation links university research 

expenditures in specific academic departments to the presence of related 

industrial R&D expenditures and related industry in the state. 

Table 5-1: Linking University Departments to 
Relevant Industries 

University Department Industry 

Chemistry and Chemical Engineering SIC 28: Chemicals 

Medicine and Biology SIC 28: Chemicals 
SIC 38: Instruments 

Mechanical Engineering, other engineering SIC 34: Fabricated Metal Products 
and physical sciences SIC 35: Industrial Machinery 

SIC 38: Instruments 

Electrical Engineering, Astronomy, SIC 35: Industrial Machinery 
Physics, and Computer Science SIC 36: Electronic Equipment 

SIC 38: Instruments 

The fourth and final equation in the system examines the factors 

which effect the location of business services. More specifically, this 

business selVices equation examines the location of specialized business 

selVices producers tailored to innovative activity. The presence of 

specialized producer selVices is expected to reflect the client base from 

which these selVices draw their existence, such as industrial R&D 

laboratories. This innovative input provides the closest link to market 

introduction. However, no simultaneity with current innovative output is 

modeled. The equation is specified as follows: 

log (BSER V ..,) = a. 11og(IND.) + a.2Iog(TOTALBSERV.) (11) 
+ lI3Iog(POP) + ~.s. 

where TOT ALBSERVs is general producer selVices. 
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Table 5-2: Summary Statistics for Data Used in the 
Estimation 

Variable Mean Standard Minimum Maximu 
Deviation m 

Innovations (INN;J 7.72 24.49 0 365 

University Research (UNW.) 32.52 59.41 0.3 380.60 

Industry R&D (IND.J 582.90 818.51 9.0 3883.00 

Industry R&D (IND.) 50.87 91.87 0.09 580.80 

Related Industry Presence 903.06 1062.60 4.04 4404.00 
(RELPRES.J 

Business Services (BSERV.J 13.88 17.02 0.50 89.52 

Geographic Concentration Index 0.41 0.23 1.10 0.94 
(CONC.J 

Industry Sales (SALES;) 9.82 3.48 3.73 16.24 

Sales of Fortune 500 Firms 30,281 55,249 100.00 271,700 
(HDQRT) 

FFRDC (FFRDC,J 0.59 1.00 0.00 4.00 

General Business Services 443.21 545.71 40.71 2440.00 
(TOT ALBSERV .J 

IJNDIJ 84.49 120.35 0.49 603.90 

}:VAIJ 1732.10 1901.10 59.17 8381.00 

State Population (POP .J 5919.07 4905.33 955.00 22350.00 

Innovations is measured as integer count of innovations. University research 
expenditures, industrial R&D expenditures, related industry value-added, receipts 
from specialized business services and total industry sales are in millions of 1972 
dollars. Population is measured in thousands. 

In conclusion, the model developed here provides a means for 

empirical investigation of the spatial relationships that are associated with 

innovation. This model relates innovation output to the location of 

innovative inputs and explores the interrelationships between the 

knowledge inputs and the commercialization process. A summary of the 

data used in the empirical estimation is presented in Table 5-2. 

Innovations are measured as the count of innovation in a state and tbree-
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digit industry. University research expenditures, industrial R&D 

expenditures, . related industry value-added, receipts from specialized 

business selVices were described in Chapter 4. The commercialization 

process is characterized by a time-lag from invention to actual market 

introduction. While this time-lag is variable and difficult to specify, a 

recent study by Mansfield (1991) estimates the average time-lag between 

academic research rmding and commercial introduction of a new product 

is seven years with a standard deviation of two years. Taking this into 

account, we use the average annual expenditures for the variables in the 

ten-year period prior to the introduction of the innovation. Sales for 

Fortune 500 Finns is from Fortune Magazine. Company sales are 

allocated to the state in which the finn's headquarters are located. State 

population is measured as the resident population, in thousands, in 1977. 

Industry sales are measured as the 1977 value of shipments for the three

digit industry. To reiterate, the year 1977 is used to estimate the time-lag 

inherent in the commercialization process. 

The four equations are estimated as a recursive system. This 

allows us to empirically test the ways in which the technological 

infrastructure affects the innovation process, and to isolate the factors that 

act on each of the components of that infrastructure. The system is 

recursive in the sense that there is no direct feedback from the second, 

third and fourth equations to the first equation. Also, the system is not 

simultaneous in the usual sense because of the expected time-lag involved 

in translating successful innovative output into increased expenditures on 

innovative inputs. 

The interrelationships between the variables indicate that the 

efficiency of the parameter estimates will increase with simultaneous 

equation estimation. The four equations are estimated together using 

Three Stage Least Squares (3SLS) Regression. The potential of 

correlations across the equations dictates the use of instrumental variables. 
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The instruments include all of the exogenous variables appearing on the 

right hand side of the equations in the model. 

There are some statistical issues to consider in the model 

estimation. These include the censored nature of the dependent variable 

and the likely structure of the error terms. The dependent variable, the 

number of innovations by state and industry, is a censored dependent 

variable. The number of innovations will either be zero or some positive 

integer. Cases with no innovations provide infonnation about how 

innovative locations differ from non-innovative locations. Customary 

estimation of a production function such as equation (8) relies on a log

log transfonnation. The zero obselVations present a problem in this 

regard. To estimate the innovation equation, the dependent variable, 

INNis' is transfonned to eliminate zero values. The new dependent 

variable is Log(lO*(l+INNiJ). This transfonnation preserves the relative 

ranking of the innovation observations. 

There are two potential concerns regarding the error tenn. The 

first pertains to spatial auto-correlation and its association to regional 

cross-sectional data. S Durbin-Watson tests for the existence of auto

correlation were conducted on different orderings of the data and no 

conclusive presence of auto-correlation was found. Therefore, no 

correction for spatial auto-correlation is made in the estimation. The 

second concern is the possible heteroscedasticity of the error tenn, 

however no evidence of heteroscedasticity in the innovation equation 

specification was found. 

EMPIRICAL RESULTS 

The results of the estimation of the model are presented in Table 

5-3. Generally speaking, the model performed well. The coefficients of 

the four innovative inputs, industrial R&D, university research 

expenditures, related industries, and business services, that represent 
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Table 5-3: Estimation Results on the System of 
Equations 

Dependent Variable: Log(lo*(INN. + 1» 

Log(IND.J 0.241 & (0.054) 

Log(UNW.) 0.155& (0.043) 

Log(RELPRESJJ 0.144& (0.045) 

Log(BSERV.J 0.272& (0.055) 

Log(POP .J 0.054b (0.030) 

Log(SALESJ -0.236& (0.113) 

CONC .. 1.021 & (0.189) 

Dependent Variable: Log(IND .J 

Log(UNIV..) 0.566& (0.074) 

Log(RELPRES .J 0.466& (0.089) 

Log(HDQRT .J 0.18Q& (0.040) 

Log(POP .J 0.0486b (0.026) 

Dependent Variable: wg(UNWJJ 

Log(I1NDJJ 0.256& (0.039) 

Log(rRELP RESJJ 0.338& (0.047) 

FFRDC .. 0.539& (0.054 

Log(POP .J -0.118" (0.031) 

Dependent Variable: Log(BSERV,) 

Log(IND.J 0.109& (0.040) 

Log(TOTALBSERY.J 0.707& (0.057) 

Log(POP .J -0.295& (0.215) 

Note: Standard errors are in parenthesis. The instruments used include all 
of the exogenous variables appearing on the right-hand side of the equations 
in the model. The number of observations is equal to 377. & indicates 
significance of at least .95. b indicates significance at .90. 
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the technological infrastructure, are all positive and statistically 

significant. A number of pennutations of the model were run to ensure 

that the findings were robust. The model was run with each variable 

measured on a per-capita basis. The basic results, signs and significance 

for the coefficients remained the same. The model was also run with 

geographic-fixed effects to test the robusbless of the results for states with 

more than one large manufacturing center and for contiguous states. Here 

again, the basic results did not change. Therefore, we conclude that the 

results are robust. Simply put, the empirical results confirm that 

innovative activity within states is related to the underlying technological 

infrastructure. 

Looking first at the innovation equation, the coefficient estimate 

for industrial R&D is positive and significant. The size of the coefficient 

further suggests that industrial R&D plays a strong positive role in the 

innovation process. This is generally in line with the fmdings of the 

extant literature, that industrial R&D plays an important role in the 

innovation process. University R&D similarly has a positive and 

significant coefficient This indicates that university R&D plays an 

important role in the innovative capacity and technological infrastructure 

of a given place. 

The coefficient estimate for the presence of related manufacturing 

industries is positive and significant. Concentrations of manufacturing 

firms in related industries have a positive effect on an area's capacity to 

innovate. This supports the notion that networks of related finns and 

their suppliers provide important knowledge inputs to the innovation 

process. Synergies between and among finns in related industries appear 

to play an important role in the innovation process. The size of the 

coefficient for business services indicates that they also have a 

particularly positive effect on the innovation process. 

Turning now to the sub-equations in the model, the results for the 

industrial R&D equation indicate that the location of industrial R&D 
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expenditure is positively related to university R&D expenditures, 

concentrations of finns in related manufacturing industries, and the 

presence of large finn headquarters. The coefficients for each of these 

variables are positive and statistically significant. The magnitude of the 

effect associated with university R&D expenditures suggests the existence 

of a strong relationship between university research and industrial R&D. 

Again, this supports the earlier research findings (Jaffe 1989). Further, 

the size of the coefficient for related industry is suggestive of a rather 

strong relationship between industrial R&D and the broader industrial 

base. This is not surprising as industrial R&D tends to both feed off of 

and support local manufacturing activity. 

The empirical findings for the university R&D equation indicate 

strong relationships between university R&D, industrial R&D, and the 

presence of related industries. There is a somewhat weaker, though still 

significant, relationship between university R&D and the presence of 

corporate headquarters. University R&D expenditures are positively 

associated with both industrial R&D and the presence of finns in related 

industries. The coefficient for related industry presence is highly and 

statistically significant with regard to university research expenditures at 

the department level. This result suggests that university research 

provides a source of information for technology that is relevant to 

industrial activity within the state, or alternatively, that expenditures for 

university research reflect the state industrial base. The coefficient for 

federally-funded research centers is positive and statistically significant. 

Furthennore, the results suggest that the expenditures for university R&D 

at the department level are associated with industrial activity and 

industrial R&D in related fields and industries. This is in line with 

Mansfield's (1991) finding that finns tend to use research from nearby 

universities. Overall, the results here point to a significant degree of 

regional specialization in R&D activity. 
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In comparing the results of the industrial R&D and the university 

R&D equations, it appears that the effect of university R&D on industry 

R&D is greater than vice-versa. This in tum suggests that university 

R&D may playa particularly important role in the innovation process, by 

attracting industrial R&D, or at least by very positively leveraging 

industrial activities. However, the relatively smaller effect of industrial 

R&D on university R&D may be explained by the fact that a large 

proportion of total university R&D is provided by the federal government. 

In 1982, almost two-thirds" of total university research funds came from 

federal sources. 

The findings of the business selVices equation indicate that the 

presence of specialized business selVices are positively related to 

industrial R&D and the size of the general business selVices sector. This 

suggests that specialized business selVices are located in the same areas 

where industrial R&D laboratories, their expected clients, are located. In 

addition, concentrations of specialized producer selVices appear to be 

related to more general concentrations of business service activity. 

Taken together, these findings provide a greater understanding of 

the dynamics of an area's technological infrastructure. First, they are 

suggestive of the considerable regional specialization of industrial activity 

and university-based R&D. Second, they suggest a considerable level of 

mutual reinforcement and synergy among the four major components of 

that technological infrastructure. The location of industrial R&D is 

associated with the location of university R&D, and the presence of 

related industries. University R&D is associated with industrial R&D, the 

presence of related industries, and federally-funded research centers. 

Furthennore, industrial R&D, university R&D, the presence of related 

industries, and business selVices are all positively associated with the 

c"apacity of an area to innovate. Thus, the four institutional factors work 

together in a synergistic way in specific places to comprise an interactive 

infrastructure that supports innovation. The innovative capacity of a 
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place -- in this case a state -- turns on this underlying technological 

infrastructure. The empirical evidence confirms the hypothesis that 

geography plays a significant and important role in organizing and 

mobilizing the innovation process. 

The findings of the model confinn the hypothesis that innovation 

is a function of an area's technical infrastructure. Innovation is positively 

related to geographic concentrations of industrial R&D, university R&D, 

related industries and business services. The recursive system of 

equations suggests that there is significant synergy and mutual 

reinforcement among the innovation factors. The empirical findings 

further indicate that there is considerable geographic specialization in the 

technological infrastructures of various places. Clearly, the innovative 

capabilities of particular places stem from specialized concentrations of 

specific fields of university R&D, industrial R&D, and the presence of 

closely related industries. 

The innovative capacity of an area may be seen as the result of 

historical events that detennine a growth trajectory or path of a 

geographic area (Arthur 1990). Core competencies emerges as resources 

become tailored to activity within an industry. The co-location of 

complementary resources provide economies of scope which benefit 

innovation and new product commercialization. Taken together, the 

complementary institutions of the technological infrastructure provide 

resources and knowledge inputs to the innovation process, generate 

positive externalities and spill-overs which lower the cost of 

commercializing new products, and reduce the risks associated with 

innovation. The ability to bring new product innovations to market is 

demonstrated to increase as a result of the technological infrastructure. 

The next chapter examines the policy implications of our findings. 
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Chapter Notes: 

1. The limitations of this conceptual framework have been considered 
elsewhere. For example, see Clark, Gertler, Whitman (1986). 

2. The location of the related-industry presence associated with 
innovation may be best considered as part of a temporal model of 
technological change. An area that develops an endowment of resources 
tailored to foster innovative activity in an industry will provide a strong 
locational advantage for finns in the industry over other areas. The 
importance of linkages among related finns that draw an industry to an 
area is a very provocative idea, however there is little empirical evidence 
upon which to build. Sveikauskas, Gowdy and Funk (1988) suggest that 
proximity to suppliers and similar finns is more important to industry 
productivity than scale economies, based on a study of the food 
processing industry. Justman (1990) finds important linkages between 
local demand and industrial growth, concluding that industries which rely 
on infonnation externalities, such as semiconductors and metalwork 
machinery, exhibit stronger market linkages than those that do not. 

3. No simultaneity between an area's innovative success and industrial 
R&D allocation is estimated because of the time-lag in introducing an 
innovation to the market. Industrial R&D is typically 4-5 years removed 
from market introduction and any firm's response to successful innovative 
output will reflect that time delay. 

4. Mansfield (1991) found that nearly 40% of the researchers cited by 
electronics and information-processing finns and 25% of the researchers 
listed by chemical and phannaceutical companies were located in the 
same state as the finn that cited the work as important to new product 
development. 

5. A random shock affecting economic activity in one state may affect 
economic activity in adjacent states due to the existence of economic ties 
between the states. In this case, the disturbances corresponding to 
contiguous states, or states related for other reason, will not be zero and 
the parameter estimates will suffer a loss of efficiency. 
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Innovation Policy 

Geography clearly plays a role in facilitating innovation and in 

furthering new product commercialization. Indeed, our findings suggest 

that innovation is in itself a geographic process -- a function of the 

knowledge resources that are embodied in the technological infrastructure 

of specific places. A technological infrastructure provides locational 

advantage for innovation, promotes technological advance in an industry 

and may further the economic fortune of regions. This locational 

advantage, rather than the result of endowments of natural resources, or 

transportation-cost differentials, or the availability of lower-cost labor, 

stems from the presence of complementary and mutually reinforcing 

knowledge resources. OUf results indicate that regions with a strong 

knowledge-based technological infrastructure realize greater numbers of 

product innovation. l 

This Chapter considers the implications of our findings for 

innovation policy. We consider the perspective of private companies 

which are engaged in new product commercialization. Our results 

suggest that the importance of geographically-mediated spill-overs 

provide a broader criteria for finns' location and investment decisions. 

In addition, we consider the perspective of state governments which are 

trying to promote economic development. The public good nature of 

knowledge suggests a role for state government in building and 

augmenting the knowledge resources that contribute to the 

commercialization process. 

93 
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Implications for Companies 

By many indicators, U.S. research capabilities are preeminent in 

the world. However, this lead appears to be lost during the translation of 

scientific knowledge into new commercial-product innovations. 

Unfortunately, American finns suffer from longer new-product 

development cycles and there is evidence that a wide variety of U.S. 

industries have failed to commercialize new innovations effectively and 

rapidly? This evidence, coupled with America's declining trade 

performance, has provoked wide debate over the need to find new ways 

to organize innovative activity. While this study has not focused on the 

practices and policies of individual companies, the results suggest that 

product commercialization benefits from location.3 

Consider the following quote from Robert Noyce, founder of the 

Intel Corporation. 

"Our Industry tends to cluster 
geographically. Why? Because it is to take advantage 
of the infrastructure of talent pools, support services, 
venture capital and suppliers. Our industry tends to use 
the same suppliers of equipment, spreading the 
development cost of the equipment broadly. We tend to 
use the same software in the design, manufacturing, 
fmancial or distribution systems, reducing the cost of 
acquisition for each of us. We also selVe the same 
customer in most cases, resulting in defacto· standards on 
pin configuration, functional specifications, packaging, 
operating voltages and the like. [These activities are a 
form of localized voluntary cooperation.] The other type 
of cooperation we might call involuntary. That is the 
mobility of our personnel which quickly diffuses 
knowledge of new techniques in design, production, and 
marketing throughout the industry. . .. Stop for a moment 
and visualize the structure of our industry if [information 
access had been limited.l .... We would be in the Dark 
ages in comparison to the present state of the 
industry ..... We would be trying to understand the 
cacophony of the Tower of Babel instead of talking 
about the microprocessor revolution." 
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In this quote, Robert Noyce (1982: 14) discusses the 

benefits which location can provide to innovative activity. Noyce's 

contemporary assessment mentions the same factors noted by Alfred 

Marshall many years earlier. The critical element for innovative 

industries and companies appears to be the knowledge externalities that 

facilitate innovation and new product commercialization. While, the 

spill-over mechanism may be voluntary or involuntary, the critical 

element appears to be location. The computer industry, brought to the 

forefront by explosive growth, provides a well-known, contemporary 

example of the potential benefits of location. However, the geographic 

concentration of product innovation within other industries suggests the 

existence of a similar process. 

All policy decisions are predicated on models, or abstractions, of 

reality, and company policy regarding innovation is no exception. The 

oldest model of the commercialization process, the linear model, places 

great importance on R&D capacity, especially in-house R&D (See Figure 

2-2). Indeed, in the linear model, R&D and scientific discovery are the 

sole source of new product ideas. This discounts other types of 

knowledge and expertise. However, when we re-conceptualize the 

commercialization process to include feedback and linkages among the 

various stages, then different types of knowledge become sources of 

innovation. The knowledge resources may exist within an organization 

Of be external to the innovating finn. Specifically, the practical types of 

knowledge associated with manufacturing, and with marketing and 

business services may not be considered important. Dertouzos et al. 

(1989) argue that companies and universities need to change their 

attitudes towards other types of knowledge. In many instances, the tacit 

knowledge gained from working with a production process is viewed as 

an activity of lesser importance. 

OUf conceptualization of the commercialization process suggests 

that linkages between the sources of knowledge are critical. This argues 
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favorably for increased interaction between the knowledge sources. Each 

of the four innovative inputs contains a critical stock of knowledge for 

the commercialization process. When all of the types of knowledge are 

present, the process is more likely to be successful. This is part of the 

rationale behind inter-departmental project teams in new product 

development. Our results suggest that co-location of the sources of 

knowledge in the same geographic area may increase idea exchange and 

communication. Product commercialization will be more successful if 

knowledge synthesis occurs easily and at lower cost. To accomplish this 

our results suggest that co-location or geographic-consolidation of new 

product development efforts may be beneficial. 

Also, our findings highlight the complementarities between the 

knowledge sources. This includes activities which occur within the 

boundaries of the firm and also extends to external sources of knowledge. 

We find that a proximity to external sources of knowledge is related to 

higher levels of innovation. Finns will be more innovative if they are in 

proximity to the sources of knowledge for commercialization and 

cultivate external linkages to suppliers, product-users and firms using 

similar technology. The importance of external knowledge sources 

suggests that companies' location decisions reflect the opportunity to 

acquire critical knowledge in a timely manner and to easily tap into 

existing sources of commercialization knowledge. Most critically, 

organizations may need to be in locations which provide the necessary 

sources of knowledge. This appears to be especially important for small 

firms that are less able to internalize the expertise for new product 

commercialization. 

An emphasis on the importance of tacit knowledge is also pivotal 

in company location decision-making. The definition of competition is 

changing, shifting away from an emphasis on price competition to one 

that includes quality, product variability and market response time. Our 

results argue that R&D expenditures may be more productive where there 
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is a strong related-industry presence. Florida and Kenney (1990) have 

argued that the geographic separation of design, manufacturing and 

assembly undermines an industry's ability to improve products or to 

respond quickly to market changes. The results presented here argue that 

the economies of scope provided by resources used in the 

commercialization process may be an important factor for company 

location decisions. 

While the role that geography plays is an important one, 

companies are not passive actors in this process. Companies play a role 

in defining the innovative capacity of regions. A finn's investments in 

the technological infrastructure will yield benefits for the company and 

for the region. Our findings argue for a fuller understanding of the 

importance of building knowledge assets. Developing knowledge 

capabilities in an organization requires long-tenn planning horizons. It 

is difficult to gauge the contribution of knowledge-building activities to 

profitability. Private firms' lack of incentive to engage in building 

knowledge-based resources provides a rationale for state government 

involvement. 

The Role of State Government 

States are increasingly attentive to issues of fostering innovation 

and innovative behavior as a means of promoting economic development 

(Osborne, 1988; Schmandt and Wilson, 1990). A geographic cluster of 

product innovation creates a potential locus of economic growth as finns 

expand to meet new product demand. Theoretical models indicate that 

the geographic clustering of innovative activity is due to increasing 

returns to non-transferable activities (Arthur 1990; Grossman and 

Helpman 1989). This suggests that state efforts to build an innovative 

infrastructure are not transferable to other locations. As a result, states 

can expect to capture a return on their infrastructure building efforts. 
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ConselVative policy-makers argue that the market mechanism will 

take care of the innovation process and government intervention is not 

warranted (Gilder 1988). However, this view fails to recognize the public 

good nature of knowledge-based inputs to the innovation process. 

Scientific, technical and commercial knowledge provide public 

intermediate goods which simultaneously benefit groups of related firms. 

The non-exclusionary nature of these resources suggests that private firms 

have an incentive to under-invest in their provision. State policies that 

encourage more efficient use of these resources will result in greater 

efficiency for the entire economy. 

This is not to imply that states can control or define the 

innovation process. State. efforts operate, to a large extent, within 

confmes that are set by the Federal government. For example, national 

policy determines the single largest source of university research funding; 

Federal tax policy determines incentives for industrial R&D; and, Federal 

trade policy determines the size of the market and the competition which 

new products and new industries face. 

Other aspects of innovative activity are inherently local in nature 

(Saxenian 1991). The complexity of the social interactions involved in 

the innovation process suggests that local institutions need to be given 

autonomy and operational flexibility. Perhaps, the role of the state may 

be to provide resources to allow local entities to capitalize and to build 

on existing strengths. At a minimum, states should not co-opt or disrupt 

local success. Ultimately, the major actors in the innovation process are 

firms and finns respond to market signals and opportunities. Individual 

firms decide which product categories to target, how many resources to 

allocate to innovation and how to search for knowledge to use in 

commercializing new products. What state governments may do is act 

as umbrella organizations in supporting the knowledge-based innovative 

inputs which lower the costs of innovation to private firms. 
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A fundamental stumbling block for state economic development 

has been a focus on employment impacts. It is easy to understand why 

jobs are an important concern for policy-makers. However, employment 

gains may not be very useful criteria for long-tenn economic 

development purposes. Areas that nurture high-technology industrial 

employment will eventually find that these industries share in the global 

mobility of standardized production and attraction to low wages that have 

become so familiar with more traditional industries (Bluestone and 

Harrison 1982). In addition, an emphasis on an employment-based 

definition focuses efforts toward attracting high-technology branch plants 

which increase area employment In many instances, however, these jobs 

are typically low-paying and the positions are not secure. In time, these 

jobs easily shift to lower-cost locations (Cobb 1982). 

Thompson (1968) argues, in contrast, that the high-technology 

economic base of a region should be defmed by the innovative activity 

located there. If a region is able to continuously generate and promote 

innovation, then it will be able to adapt to changing economic 

circumstances. The capacity to innovate will detennine the regions's 

ability to generate new products, and new finns and industries as 

economic and technological conditions change. Malecki (1991) suggests 

that in an effort to adapt to structural economic change, regions promote 

non-routine production activities such as research and development, 

experimental and prototype manufacturing, and the small volume 

production of new, changing products. These are the activities that are 

supported by the technological infrastructure. 

Many state economic development strategies are targeted to a 

narrow definition of high-technology industries and ignore the potential 

of existing industries. Feller (1984) criticizes the emphasis of many state 

programs that are targeted to biotechnology, microelectronics or robotics 

as "high-tech hype." These programs focus resources on the more 

glamorous sectors and neglect the existing industries in which the state 
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may have already developed a strength or comparative advantage. In 

addition, our results indicate the importance of geographic clustering. All 

places cannot simultaneously be the site of a similar agglomeration. 

Indeed, competition among states may dissipate the resources needed to 

provide the critical mass to support the success of an emerging industry. 

Table 6-1 presents the distribution of product innovations among 

manufacturing industries. Many of the industries that account for a large 

number of innovations are not considered high-technology by widely-used 

definitions (e.g. U.S. Office of Technology Assessment 1984). Because 

these industries lack that glamorous title, they may be overlooked by state 

economic development efforts. To avoid this myopia, programs like the 

Ben Franklin Partnership focus their attention on the diffusion of 

advanced technology to companies in the state. The idea behind the Ben 

Franklin Partnership is to channel scientific knowledge to revitalize and 

increase the capacity of existing industries. 

Traditionally, in the United States federalist system, states are 

assigned the tasks of overseeing knowledge-based resources and of 

building infrastructure. Our findings suggest that attention to this 

traditional role offers states a means to promote economic development. 

This should not be interpreted to suggest that state governments are able 

to define and control the commercialization process. While innovative 

activity is no longer confined to the organizational boundaries of the finn, 

we should not underestimate the importance of firms and entrepreneurs 

in the commercialization process. The actions of entrepreneurs, in tum, 

are driven by technological opportunities and market forces. At best, 

states are an intermediary with a limited but well-defined role. States can 

strategically allocate their resources to build on existing strength and 

expertise within their boundaries, and thereby promote innovative activity 

and engender endogenous growth. Although the process entails a lengthy 

and consistent commitment, it offers states a path to obtain a sustained 

economic advantage. 
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Table 6-1: State Comparative Advantage in 
Innovative Industries 

Industry N Leading State n Location 
Quotient 

Computers 954 California 356 167.8 

Measuring Instruments 668 California 134 126.4 

Communications Equipment 376 California 116 132.2 

Electronic Equipment 261 California 128 211.3 

Medical Instruments and 228 New Jersey 57 248.2 
Supplies 

General Industrial Machinery 164 Pennsylvania 25 261.5 

Drugs 133 New Jersey 52 381.3 

Special Industrial Machinery 116 lllinois 11 171.4 

Misc. Fabricated Metal Products 105 Ohio 18 384.0 

Electronic Industrial Machinery 74 California 17 94.4 

Photographic Equipment 61 New York 18 260.0 

Plastic and Synthetic Materials 51 Texas 10 491.7 

Cleaning Preparations 50 New York 10 183.3 

Refrigeration Machinery 49 Wisconsin 6 583.3 

Misc. Plastic Products 47 New York 6 118.2 

Office Furniture 47 lllinois 8 318.2 

Construction Equipment 43 Ohio 8 430.0 

Metalworking Machinery 42 Connecticut 6 450.0 

Preserved Fruits and Vegetables 41 Georgia 8 1510.0 

Household Audio and Video 38 New Jersey 11 111.1 

Optical Instruments 37 Massachusetts 10 311.1 

Electrical Distribution Equipment 35 California 10 125.0 

Engineering Equipment 34 New Jersey 11 325.0 

Motor Vehicles and Equipment 30 Michigan 21 2685.7 

N indicates the total number of innovations for an industry. n indicates the 
number of innovations for a state. 



102 The Geography of Innovation 

State governments have traditionally had a central role in the 

provision of infrastructure, although this is typically intetpreted as 

physical infrastructure. For innovative industries, scientific and technical 

infrastructure is as important as physical infrastructure. States are in a 

unique position to pull together the diverse public institutions and private 

entities that play a role in the innovation process. To develop an 

emerging expertise, states can strategically deploy funds to local areas 

and industries. 

There is no single, successful fonnula for states to use in 

designing programs and initiatives that will promote innovation and 

technology transfer (plosila ·1987). Practical examples are provided by 

California's Silicon Valley, Massachusetts's Route 128 and North 

Carolina's Research Triangle Park. In many ways, these examples are 

unique: Silicon Valley relied on strong university-industry interaction; 

Route 128 benefitted from a strong entrepreneurial tradition; and, in large 

part, Research Triangle Park succeeded because of the direct efforts of the 

state government Perhaps the common thread in these examples is that 

the initial event which sparked the development of the industry in the 

geographic areas was translated into a sustained advantage for an industry 

and a region. The results presented here suggest that states may succeed 

in fostering economic development if they understand and capitalize on 

their role in building and in augmenting the kno~ledge resources which 

enhance the commercialization process. 

States are very aware that their policies must respond to the needs 

of innovative industries. Recently, state emphasis has visibly shifted 

from the provision of a favorable business climate to the provision of a 

favorable economic climate (John 1987). A favorable business climate 

was intetpreted to mean a docile labor force, low taxes, and flexible 

regulations. By definition, a favorable economic climate encompasses a 

broader set of concerns such as the availability of skilled labor, the 

existence of an adequate infrastructure for economic growth, and the 
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establishment of high quality public services. Unfortunately, these two 

concepts are at odds because education, infrastructure, and public services 

are expensive and conflict with the low tax objective associated with a 

favorable business climate. Moreover, the defmition of high-quality 

infrastructure requires that attention be paid to the needs of industry 

located in the state, such as specific university research programs, 

technology transfer initiatives and shared scaling-up facilities. 

An additional concern to address is the lengthy time frame 

necessary for state efforts to succeed. North Carolina's Research Triangle 

provides a case in point.4 The Research Triangle Park is the direct 

result of state government intervention and provides insight into the time 

commitment required to increase regional innovative capacity (Luger 

1984). The idea behind Research Triangle Park was to build on a 

commitment to higher-education in order to establish a base for economic 

development. The Research Triangle Park was established in the center 

of an imaginary triangle which links the University of North Carolina at 

Chapel Hill, Duke University in Durham, and North Carolina State in 

Raleigh. The goal of this joint-venture was to enhance the standing of 

the three universities by linking their resources. The preliminary planning 

began in 1952 and the growth of the park was slow.s It is only recently 

that Research Triangle Park is considered an economic development 

success (Malecki 1991). Many of the employees at the Research Park are 

graduates of the three universities. In this way, any state's funds that are 

invested in human capital are retained and productively employed in the 

state. Most importantly, the efforts to build Research Triangle transcend 

several different political administrations. A commitment to the project 

was maintained for approximately fifteen years before the project became 

a commercial success. Such patience is seldom seen in the political arena 

that routinely demand results in two or four-year election cycles. 

To a large extent, the abstract concept of technological 

infrastructure relies on the state educational system. States provide a 
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large part of the financing for education and set standards for curriculum 

and achievement. Consequently, state government and state legislatures 

exert a large measure of fiscal control over higher education, the source 

of university research, and skilled technical labor. 6 A state's scientific 

and technical infrastructure promotes innovative activity so that economic 

growth can occur. States with better-developed innovative inputs, such 

as California, Massachusetts and New Jersey, are able to draw upon the 

established institutions and resources which already exist. Other states, 

notably Texas, demonstrate that state initiatives can build and strengthen 

innovative inputs as a mechanism to foster innovative activity. 

Innovations within the industries listed in Table 6-1 exhibit a high 

degree of geographic clustering. The magnitude of the location quotients 

suggests that the prominent states have already developed a comparative 

advantage for that industry. This table lists many of the well -known 

innovative states. Other states, such as Ohio,Wisconsin and Georgia, 

emerge on this list. The industries listed are already a viable concern in 

these states. More importantly, these industries are the ·source of new 

product innovations which provide an emerging expertise which may lead 

to new rounds of state economic development. 

Augmenting the State Knowledge-bases 

This section considers state policies with regard to each of the 

innovative inputs: universities research, industrial R&D, related-industry 

presence and specialized business services. The objective of this section 

is to provide an analysis of state policy that affects the development of 

the innovative inputs.7 

Our results indicate a strong association between university 

research expenditures and the location of product innovation. Universities 

provide two important complementary resources for innovative activity, 

scientific knowledge and skilled workers (Nelson 1986). The premise of 
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the American university is that research is better when it includes the 

education and training of students. Education and training are more 

rigorous and creative when they are done in the context of an active 

research program (Rosenzweig and Turlington 1982). 

The empirical results suggest that university research expenditures 

at the departmental level reflect the presence of related industry presence 

and R&D activities. The expenditures for university research increase in 

departments that are linked to related industry's manufacturing and R&D 

activity. The decreased importance of state and industrial funding of 

university research in the post-war period may hinder the innovation 

process. In 1935, industry funding was the largest source of university 

research funding (See Table 6-2). Over the post-War period, federal 

funding of university research has grown rapidly. The Second World 

War demonstrated the military value of university research. The Federal 

response to the ensuing cold war was to fund university research as a 

means of deliberately strengthening basic scientific research, and in tum, 

U.S. military prowess. Post-war science also became more expensive. 

Research in the emerging areas of high-energy physics, biomedical 

research, and engineering sub-fields is beyond the budgetary capacity of 

most universities and is outside the reasonable sphere of interest of the 

private sector (Rosenzweig and Turlington 1982). 

The increased Federal fmancing of university research in the post

war period has not been matched by a similar increase in support from 

either state governments or from industry. The fact that university 

research provides a public good widely-disseminated throughout the 

country provides a justification for federal funding. The realization that 

benefits of university research are captured within-state boundaries makes 

an efficiency argument for increased state funding. 
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Table 6-2: Support for Academic Research by 
Sector: Constant 1982 dollars 

Year 1935 1960 1987 

Federal $67 (16.0%) $1,157 (63.0%) $ 6,196(60.6%) 

State $58 (14.0%) $ 273 (13.2%) $ 862 (8.4%) 

Industry $277 (66.0%) $ 129 (6.2%) $ 657 (6.4%) 

$420 $2,077 $10,218 

Source: Mowery and Rosenberg (1991) provided data for 1935. The more 
recent years are from National Science Board (1989). These numbers do not 
sum to 100 due to the exclusion of institutions' own funds and all other 
sources. 

Historically, the role of state funds for the university research 

system was greater during the pre-1940 period than the post-war period. 

A sizeable portion of pre-war state funds were devoted to extension 

activities, including the testing and support for the dissemination of best

practice techniques to local conditions. The politics of state funding may 

have meant that the research of U.S. public universities was more closely 

aligned with commercial opportunities within the state. During the pre

war time period, the state university systems often introduced new 

programs in emerging sub-fields of engineering as soon as the 

requirements of the local economy became clear (Mowery and Rosenberg 

1991). The increased reliance on federal funding may have decreased 

university responsiveness to individual state requirements by removing 

the research agenda from state control. 8 

There are several examples of state programs which focus on 

selected fields as a targeted approach to foster innovation (Malecki 1987). 

Arizona and North Carolina have established state-of-the-art micro

electronic research centers with a mixture of state and industrial support. 

New York, New Jersey, and Ohio have sponsored advanced technology 

centers devoted to one technology. These programs also recognize the 

importance of critical mass by concentrating their resources in one 
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location. For example, Ohio has established centers which focus on local 

core-competency and expertise: manufacturing process technology at the 

University of Cincinnati; welding research and metallurgy at Ohio State 

University; and, polymers at the University of Akron. 

There is evidence which raises questions about Jaffe's finding that 

a dispersed, public university system will decrease industry research funds 

(1989). The aggregate patterns upon which these results are based may 

be misleading. Industry funding is a more prominent source of funding 

at smaller, specialized regional universities. For example, the University 

of Akron received 35.8% of its 1987 research budget from industry. This 

is in contrast with a share of 5.5% for industries funding for the top 25 

institutions, ranked in tenns of total academic research funds received. 

In general, the lower the ranking of the institution, in tenns of total 

research funds received, the greater the percentage of industry funding 

(National Science Board 1989). This pattern may reflect a tendency of 

smaller regional schools to focus on the needs of local industry and 

participate in more cooperative research with industry. 

To a large extent, industrial R&D investment is detennined by 

scientific opportunity and expectation about the potential product market. 

Universities provide a source of critical information that will attract firms 

to locate R&D facilities nearby for a high opportunity technology which 

is evolving rapidly. A university that cultivates an expertise relevant to 

a specific industry's needs may attract related industry R&D to the state 

in order to gain access to that expertise. Texas provides an example of 

one state's successful effort to build up the university system. Once 

accomplished, these efforts translated into an increased number of 

industrial R&D labs in the state. 

There is no denying that university and industrial cooperative 

research relationships can occur at great distance. But, to suggest that 

this indicates that location does not matter ignores the nature of the 

process by which local areas develop expertise. Firms fund research at 
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those universities which have an expertise in a technology in which the 

company sees a potential commercial pay-off. The increased funding 

allows researchers and graduate students to sharpen their expertise and 

develop a further competitive advantage in the new technology. 

Regardless of the location of the sponsoring company, contractual 

research creates spill-overs which will be realized in the area of the 

university in subsequent time periods. It is no surprise that the highest 

numbers of new biotechnology start-ups are realized by states that have 

high levels of university funding in related disciplines (Kenney 1986). 

As researchers work with a new technology, ideas for commercial 

application are likely to occur. These ideas will be shared with the long

distance sponsor, however more frequent contact may foster more fruitful 

infonnation exchanges. The benefits of the increased expertise funded by 

long distance sponsors may be captured by the local area. 

In the local arena, business services provide the closest link to the 

market. The presence of business services may be critical if an area is 

to realize the benefits of the other innovative inputs, however this aspect 

of the innovation process is frequently ignored. State programs aimed at 

technology transfer may be more successful if business services are 

provided. A 1988 survey for the National Association of State 

Development Agencies (NASDA) found that although 28 states offer 

some type of management-assistance program, these programs accounted 

for only 2.3% of total expenditures by states on technology programs 

(Atkinson, 1988). In general, programs such as technical assistance, 

technology-transfer and diffusion of technology programs which provide 

links to the market amounted to less than 10% of total state expenditures. 

The author of this survey, Robert Atkinson concludes that, "To date, it 

appears that states have been much more willing to support early stages 

of research rather than try to assist existing finns to become more 

innovative" (Atkinson 1988: 32). 
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Many states attempt to encourage and nurture new finns as an 

economic development policy. The empirical evidence suggests that 

small finns benefit more from the presence of specialized business 

services. The cost of specialized services is prohibitive for small, start-up 

finns. For this reason, the state of Maryland is attempting to raise public 

money for a Bio-testing facility which would allow small biotechnology 

finns to test, evaluate and scale-up their new products. Proponents argue 

that this type of center would be an important resource in facilitating the 

growth of biotechnology finns in the state. The cost of this type of 

facility is beyond the ability of any single private finn. The scientific 

and technical infrastructure is enhanced if state government provides such 

a facility. 

The last element to be considered is the related industry presence, 

especially as it embodies· tacit knowledge which accompanies a familiarity 

with a technology. Not only is industry presence strongly associated with 

commercially-viable product innovations but it also influences the 

location of industrial R&D and the location of university research. These 

results suggest the importance of industry presence as a base upon which 

economic development efforts can build. Kolderie and Blazar (1988) 

document Minnesota's efforts to deliberately create scale economies for 

promising industries. 

An important, but often-overlooked, source of tacit knowledge is 

contained within the manufacturing work-force. In contrast to the once

traditional organization of American manufacturing that organized work 

into unskilled components, technological innovation requires a work-force 

that can learn new skills and find new solutions to problems that arise on 

the job. This gains greater recognition as corporations change their 

internal organization to recognize the importance of the inputs of 

production workers. The importance of skilled workers to economic 

development should not be under-estimated. In contrast to the mobility 

of financial capital, this type of human capital is less mobile and provides 
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a valuable resource which pennits industry to innovate. State education 

policy provides the means to guarantee a supply of these skilled workers. 

In conclusion, this study demonstrates the ways that geography 

is important to innovation and to the commercialization process. The 

evidence presented here suggests that the innovation process is facilitated 

by location. Innovations exhibit a pronounced tendency to cluster in 

states which contain concentrations of the knowledge resources which 

provide inputs to the innovation process. The location of the innovative 

inputs is mutually-reinforcing and, in this sense, comprise an integrative 

infrastructure for innovation. These fmdings enhance our understanding 

of how areas develop a comparative advantage for innovation. This 

comparative advantage does not rest on natural resource endowments or 

the availability of low cost labor. It is provided by the location of 

specialized knowledge resources -- the underlying technological 

infrastructure -- which is required to organize and facilitate the innovation 

process. 
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Chapter Notes: 

1. Michael Porter (1990) argues that nations develop an international 
competitive advantage for industries based on a specialized scientific base 
combined with strong localized competition. New product innovations 
are an important component of this competitive advantage. Although our 
results are empirical and sub-national, the basic conceptualization holds. 

2. Dertouzos et al, (1988); and Florida and Kenney (1990) provide 
comprehensive reviews of evidence related to this point. 

3. See Link and Bauer (1990); Johnson and Edwards (1987); and, 
Badaracco (1991). 

4. Research Triangle Park is provided as an example of direct 
government involvement in planning an innovative region. See Luger 
(1984, 1985) and Whittington (1985) for more infonnation on Research 
Triangle Park. 

5. The Research Triangle Park was established in the center of the 
triangle which linked the three universities in 1959, after seven years of 
planning. The Monsanto Company located an industrial R&D operation 
in the Research Park and for the next six years there were no other leases 
signed. In 1965, IBM became a tenant at the Park, followed by Data 
General, DuPont, General Electric. By 1987, the Park had forty-seven 
occupants, employing 27,000 with an annual payroll over half a billion 
dollars. 

6. For many years, midwestern governors have complained that their 
states subsidize the training of engineers and scientists who subsequently 
move to one coast or the other. This migration is prompted by the 
relatively poorer employment opportunities in the states which provide 
the training. A state economic development initiative which fosters 
innovative activity may help to retain this important resource. 

7. No attempt is made to describe state programs. There are several 
excellent recent studies which describe and catalogue state technology 
policy. See Atkinson (1988), Fosler (1988), Osborne (1988). 

8. An international comparison of fields of academic research found that 
the U.S. spends over 50% of academic research in the life sciences 
(Mowery and Rosenberg 1991). This is a higher percentage than any of 
our trading partners. In contrast, France emphasizes the physical sciences 
and Japan strongly supports academic research in engineering. 
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Appendix: Detailed Data Description and 

Tables 

The purpose of this appendix is to provide more detailed 

infonnation on the SBA Innovation Citation Data and to give full details 

for the abbreviated tables found in Chapter 3. This appendix also 

provides a listing of the geographic concentration variable which is used 

in the model estimation. 

SBA Innovation Citation Data 

The Innovation Citation data was collected under a contract by 

the U.S. Small Business Administration (SBA) with the Futures Group. 

The final report for this contract, and the basis for this description, is 

provided by Edwards and Gordon (1984). The data provides an 

enumeration of innovations that were introduced to the U.S. market in the 

year 1982. The goal of the contract was to construct a comprehensive 

database for the study of innovation. 

The data was collected via an intensive review of the new 

product announcement sections of over 100 trade journals and 

publications. Additional data on the innovations and the innovating finns 

were collected by conducting telephone interviews with the editors and 
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the companies. Published, secondary sources were used to provide and 

to verify infonnation on the companies. 

The innovation data include the following items: 

a. the model name of the innovation: e.g. Polatrol 3258; 
b. the product name of innovation: e.g. High Speed Computer; 

c. description of the innovation; 
d. year of introduction; 
e. year of invention; 
f. innovation type: either product, process, service or 

management process; 
g. innovation significance: judgmental assessment about the 

innovation's impact; 
h. market characteristics: market size and market aggregation; 
i. source of funding; 
j. origin of the technology which led to the innovation; 
k. name and state location of innovating entity; 
1. SIC code of innovating entity; 
m. name and state location of innovating entetprise, if 

different from the innovating entity; 
n. the number of employees in the innovating entetprise at the 

time of innovation; 
o. annual sales of innovating entetprise; 
p. date of incorporation of the innovative entetprise. 

The database consists of 8,004 innovation citations. Of these 

innovation citations, 4,476 were product innovations in manufacturing 

industries. Of these innovations, 4200 have infonnation on the location 

of the innovating establishment. 

For our purposes, the state identifier of the establishment is used 

to investigate the spatial patterns of innovation. It is anticipated that 

some innovations are developed by subsidiaries or divisions of companies 

with headquarters in other states. Since headquarters may announce new 

product innovations, the SBA data discriminate between the location of 

the innovating establishment and the location of the innovating entity. 

The site responsible for the major development of the innovation is 

known as the establishment. The parent company or headquarters is 
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known as the entity. For example, Intel Corporation introduced a 16-Bit 

Micro-Controller (Model Number 8096). The major development was 

done by a division of Intel in Arizona while Intel's headquarters are in 

California. In this case, the state of the establishment is Arizona and the 

state of the entity is California: the innovation would be attributed to the 

state of Arizona. 
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Table A-1: Distribution of Innovations by 
Industry Groups 

Industry Group 

Food and Kindred Products 

Lumber and Furniture 

Chemicals (excluding drugs) 

Drugsl 

Rubber and Plastics 

Primary Metals 

Fabricated Metal Products 

Machinery (excluding office) 

Computers and Office Equipment2 

Industrial Electrical Equipmen~ 

Household Appliances" 

Communications Equipmen~ 

Motor Vehicles and Transportation 
Equipment6 

Aircraft and Engines 

Measuring and Controlling Devices' 

Medical Instruments8 

General Instruments 

1 SIC 283. 
2 SIC 357. 
3 Includes SIC 361, 362, 364 and 367 . 
.. Includes SIC 363, 365 and 369. 
s SIC 366. 
6 Includes SIC 371, 373, 374, 375 and 379. 
, SIC 382 
8 SIC 384. 

Innovations 

100 (2.6%) 

75 (1.8%) 

159 (3.8%) 

133 (3.2%) 

60 (1.4%) 

17 (0.4%) 

201 (4.8%) 

438 (10.4%) 

954 (22.7%) 

402 (9.6%) 

62 (1.5%) 

376 (9.0%) 

48 (1.1%) 

16 (0.4%) 

6(i~ (15.9%) 

228 (5.4%) 

146 (3.5%) 
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Table A-2: Which States are the most 
innovative? 

State Number Innovations per 
100,000 

Manufacturing 
Workers 

New Jersey 426 52.33 

Massachusetts 360 51.87 

California 974 46.94 

New Hampshire 33 30.84 

New York 456 29.48 

Minnesota 110 28.65 

Connecticut 132 28.51 

Arizona 41 27.70 

Colorado 42 22.46 

Delaware 15 21.13 

National 4200 20.34 

Rhode Island 24 18.46 

Pennsylvania 245 18.28 

lllinois 231 18.16 

Texas 169 16.14 

Wisconsin 86 15.61 

Washington 48 15.38 

Ohio 188 15.00 

Florida 66 14.60 

Oregon 32 14.48 

Vermont 6 12.24 

Idaho 6 12.00 

Utah 11 11.83 

D.C. 2 11.76 

Maryland 28 11.11 

Michigan 112 11.02 
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I I 

State Number Innovations per 
100,000 

Manufacturing 
Workers 

Oklahoma 20 10.15 

Georgia 53 10.10 

Nebraska 9 9.47 

Virginia 38 9.09 

New Mexico 3 9.09 

Missouri 36 8.20 

Iowa 20 8.16 

Kansas 15 7.77 

Indiana 49 7.49 

Nevada 1 5.56 

North Carolina 38 4.63 

South Carolina 18 4.60 

Tennessee 20 4.07 

Hawaii 1 3.70 

West Virginia 4 3.48 

Maine 4 3.45 

Kentucky 9 3.33 

Arkansas 5 2.51 

Louisiana 5 2.39 

Mississippi 4 1.89 

Alabama 5 1.43 

Source: Numbers of manufacturing workers are from the 1982 
Census of Manufacturers. 



120 The Geography of Innovation 

Table A-3: How do states compare on various measures of 
innovative activity ? 

State Number of Innovations Number of Patents per- % High 
Innovations per 100,00 Patents 100,000 Tech 

Workers Workers Workers 

Alabama 5 1.43 69 19.77 14 

Arizona 41 27.70 245 70.20 41 

Arkansas 5 2.51 39 11.17 20 

California 974 46.94 3230 925.50 37 

Colorado 42 22.46 332 95.13 35 

Conn 132 28.51 1090 312.32 39 

Delaware 15 21.13 N.A. N.A. 17 

D.C. 2 11.76 N.A. N.A. 0 

Florida 66 14.60 424 121.49 31 

Georgia 53 10.10 192 55.01 10 

Idaho 6 12.00 N.A. N.A. 14 

nlinois 231 18.16 2451 702.29 28 

Indiana 49 7.49 784 224.64 21 

Iowa 20 8.16 243 69.63 23 

Kansas 15 7.77 145 41.55 37 

Kentucky 9 3.33 209 59.89 17 

Louisiana 5 2.39 163 46.70 29 

Maine 4 3.45 N.A. N.A. 9 

Maryland 28 11.11 N.A. N.A. 30 

Mass. 360 51.87 1339 383.67 33 

Michigan 112 11.02 1725 494.27 15 

Minnesota 110 28.65 628 179.94 27 

Miss. 4 1.89 N.A. N.A. 11 

Missouri 36 8.20 423 121.20 20 

Nebraska 9 9.47 50 14.33 21 

Nevada 1 5.56 N.A. N.A. 23 

New Hampshire 33 30.84 N.A. N.A. 18 
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Table A-3: How do states compare on various measures of 
innovative activity? 

State Number of Innovations Number of Patents per % High 
Innovations per 100,00 Patents 100,000 Tech 

Workers Workers Workers 

New Jersey 426 52.33 2631 753.87 30 

New Mexico 3 9.09 N.A. N.A. 26 

New York 456 29.48 2857 818.62 22 

N Carolina 38 4.63 327 93.70 12 

Ohio 188 15.00 1999 572.78 22 

Oklahoma 20 10.15 453 129.80 33 

Oregon 32 14.48 N.A. N.A. 12 

Penn. 245 18.28 2329 667.34 23 

Rhode Is. 24 18.46 94 26.93 16 

S Carolina 18 4.60 N.A. N.A. 19 

Tennessee 20 4.07 N.A. N.A. 17 

Texas 169 16.14 N.A. N.A. 32 

Utah 11 11.83 103 29.51 31 

Virginia 38 9.09 297 85.10 26 

Washington 48 15.38 N.A. N.A. 17 

W Virginia 4 3.48 N.A. N.A. 27 

Wisconsin 86 15.61 634 181.66 24 
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Table A-4: Number of Innovations by State and Two-digit SIC 
Industry 

Number of Innovations by Two-digit SIC code 
State 

n 20 24 28 30 33 34 35 36 37 38 
& 
25 

National Total 4200 110 75 730 60 17 201 954 840 66 1042 

Alabama 5 1 3 1 

Arizona 41 1 2 7 21 9 

Arkansas 5 1 1 4 

California 974 8 10 51 7 1 26 365 288 18 187 

Colorado 42 6 1 16 9 9 

Connecticut 132 3 1 29 3 1 5 29 24 3 33 

Delaware 15 6 1 2 3 

D.C. 2 1 

Florida 66 1 1 14 2 17 17 13 

Georgia 53 12 5 2 3 9 8 1 11 

Hawaii 1 1 1 

Idaho 6 1 2 1 2 

Dlinois 231 5 11 61 2 18 35 31 1 56 

Indiana 49 16 1 2 4 11 2 9 

Iowa 20 2 3 2 2 5 1 1 4 

Kansas 15 1 ·2 1 5 3 1 1 

Kentucky 9 4 2 1 

Louisiana 5 1 1 1 2 

Maine 4 2 1 

Maryland 28 5 2 10 5 6 

Massachusetts 360 13 5 42 5 1 15 3 120 

Michigan 112 1 8 26 3 7 14 9 21 
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Table A-4: Number of Innovations by State and Two-digit SIC 
Industry 

Number of Innovations by Two-digit SIC code 
State 

n 20 24 28 30 33 34 35 36 37 38 
& 
25 

National Total 4200 110 75 730 60 17 201 954 840 66 1042 

Minnesota 110 61 3 19 3 8 24 14 28 

Mississippi 4 3 

Missouri 36 5 2 11 2 7 2 6 

Nebraska 9 2 1 3 3 

Nevada 1 1 

New 33 2 3 3 18 2 1 4 
Hampshire 

New Jersey 426 6 124 5 4 19 65 58 131 

New Mexico 3 1 1 1 

New York 456 20 8 73 8 2 20 2 147 

North 38 1 16 3 2 8 1 6 
Carolina 

Ohio 188 3 6 51 9 3 21 16 27 3 44 

Oklahoma 20 1 1 1 2 4 4 7 

Oregon 32 1 4 1 10 7 8 

Pennsylvania 245 14 5 71 2 1 16 34 30 66 

Rhode Island 24 6 1 1 3 8 5 

South 18 2 8 2 1 5 
Carolina 

Tennessee 20 6 1 1 1 1 7 

Texas 169 4 2 25 2 1 10 47 35 2 37 

Utah 11 8 1 2 

Vermont 6 5 

Virginia 38 1 9 3 6 7 10 
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Table A-4: Number of Innovations by State and Two-digit SIC 
Industry 

Number of Innovations by Two-digit SIC code 
State 

n 20 24 28 30 33 34 35 36 37 38 
& 
25 

National Total 4200 110 75 730 60 17 201 954 840 66 1042 

Washington 48 1 5 1 15 18 1 7 

West Virginia 4 1 2 

Wisconsin 86 1 1 23 6 7 17 1 29 

Note: SIC 20: Food and Kindred Products; SIC 24&25: Wood and Furniture Products; SIC 28: 
Chemicals and Allied Products; SIC 33: Fabricated Metals; SIC 34: Fabricated Metal Products; 
SIC 35: Industrial and Commercial Machinery and Computer Equipment; SIC 36: Electronic and 
Other Electrical Equipment; SIC 37: Transportation Equipment; SIC 38: Measuring, Analyzing 
and Controlling Instruments. 
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Table A-5: Distribution of Three-Digit Innovations by State 

State Count 0/0 of % of State Location 
Innovations Quotient 

Computers 357 954 

California 365 38.3 37.6 164.91 

Massachusetts 82 8.6 22.8 100.00 

New York 77 8.1 17.0 74.56 

New Jersey 65 6.8 15.4 67.54 

Texas 47 4.9 27.8 121.88 

Measuring/Controlling Instruments 382 668 

California 134 20.1 13.8 86.25 

Massachusetts 94 14.1 26.1 163.13 

New York 63 9.4 13.9 86.88 

New Jersey 55 8.2 13.0 81.25 

Pennsylvania 54 8.1 22.0 137.50 

lllinois 39 5.8 17.0 106.25 

Communication Equipment 366 376 

California 116 30.9 11.9 132.22 

New York 45 12.0 9.9 110.00 

Massachusetts 34 9.0 9.4 104.44 

New Jersey 22 5.9 5.2 57.78 

Texas 19 5.1 11.2 124.44 

Electrical Components 367 261 

California 128 49.0 13.2 212.90 

Massachusetts 26 10.0 7.2 116.13 

New Jersey 15 5.7 3.6 58.06 

Texas 15 5.7 8.9 143.55 

New York 13 5.0 2.9 46.77 
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Table A-5: Distribution of Three-Digit Innovations by State 

State Count % of % of State Location 
Innovations Quotient 

Medical Instruments 384 228 

New Jersey 57 25.0 13.5 245.45 

New York 51 22.4 11.2 203.64 

Ohio 13 5.7 7.0 127.27 

California 27 11.8 2.8 50.91 

Drugs 283 133 

New Jersey 52 39.1 12.3 410.00 

New York 18 13.5 4.0 133.33 

Pennsylvania 11 8.3 4.5 140.63 

lllinois 9 6.8 3.9 121.88 

Michigan 8 6.0 7.1 221.88 
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Table A-6: Geographic Concentration Index 

State Index State Index 

Alabama 0.20 Massachusetts 0.57 

Arkansas 0.46 Michigan 0.57 

Arizona 0.66 Minnesota 0.59 

California 0.56 Mississippi 0.44 

Colorado 0.66 North Carolina 0.21 

Connecticut 0.21 Nebraska 0.38 

Florida 0.23 New Jersey 0.83 

Georgia 0.20 New York 0.49 

Iowa 0.10 Ohio 0.33 

lllinois 0.75 Oklahoma 0.30 

Indiana 0.10 Pennsylvania 0.33 

Kansas 0.27 Rhode Island 0.94 

Kentucky 0.10 Utah 0.73 

Louisiana 0.22 Virginia 0.18 

Wisconsin 0.37 
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